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At the Conference held in Glasgow on 
August 7, 8, and 9, the two following 
papers were read : 

FIRECLAYS AND MOULDING 

SANDS, 


By Percy Lonemutr. 

An ordinary definition of a refractory 
material is that of a substance capable of 
resisting heat. In this sense refractory 
materials of the foundry are to be found 
in furnace linings and moulding sands. 
Both have high temperatures to resist, 
though they play essentially distinct parts 
in the production of castings. As every 
stage in the process of making castings 
is of interest to our Association, it may 
not be altogether wasted time if a few 
moments are devoted to the more salient 
features of furnace linings and mould- 
ing sands. Taking first the temperatures 
that linings or sands have to meet, a 
matter of some difficulty is found in giv- 
ing exact furnace measurements. How- 
ever, the following approximate tem- 
peratures show the range usual in foundry 
furnaces :— 


Deg. Cent. 
Crucible for brass in 1,200 to 1,400 
Air furnace for brass .. 1,200 to 1,400 
Cupola for iron ... ae .- 3,500 by 1,000 
Air furnace for iron ... pi: 1,550 
Crucible furnace steel 1,650 10 1,700 
Open-hearth furnace ... 1,700 to 1,800 
Mould temperatures vary, but under nor- 
mal conditions will be found as follows : 
Deg. Cent. 
Aluminium .. . 690 
ak ee metal, 90-10 1,080 
Yellow metal, 70-30 oe ‘ae 
Ordinary casting brass, 58, 40,2 ... 910 
Gun metal, 88, 10, 2 : 1,070 
White cast iron for malleable 1 
Grey cast iron . 
Pure iron, 0.08 per cent. carbon 
Steel, .3 
” 0:37 
° 0.5 


These tables show the higher range of fur- 
nace temperatures, and give an index 
as to one essential requirement in both 
linings and sands. Chemically, refractory 
materials vary, but usually contain silica, 
alumina, lime, magnesia, oxides of iron, 
or manganese, alkalies, soda and potash, 
ete. Silica, alumina, or lime, are alone 
very infusible, and will resist the highest 
temperatures attainable in foundry prac- 
tice. However, for various reasons these 
materials cannot be used in a state of 
purity. The softening point of silica may 
be taken as about 1,880 degrees C.; 
alumina and lime are probably higher. 
But the three compounds which separately 
are extremely infusible may, on admix- 
ture, become more fusible. Boudouard, 
who has examined this matter from the 
point of view of slags, has arrived at a 
series of interesting results. Thus, silica 
softens at 1,830 degrees; if this silica is 
associated with 144 per cent. alumina, the 
softening temperature is reduced to 1,690 
degrees. Further increments of alumina 
and corresponding ¢ decrease in silica re- 
sults in gradually raising the softening 
temperature, until at 37 per cent. silica 
and 63 per cent. alumina a_ softening 
point of 1,890 degrees is reached, which 
is some 60 degrees above that of silica. 
Mixtures of silica and lime—which give 
rise to silicates of lime—vary as 
follows : 
Silica. Lime. 
“ee 
5... 18.5 
Steadily falls... 604 .. 39.6 
Thenrisesto... 89 .. 91.1 


Deg, Cent. 
1,830 


1,780 
1,400 
1,515 


It will be noted that these silicates of 
lime are comparatively fusible—a remark 
also applicable to aluminates of lime. 
Triple combinations of silica, alumina, and 
lime (alumino-calcic silicates) give very 
fusible bodies, as, for instance :— 


Si 02. Al, O;. Deg. Cent. 
37.4 on 10.32 ies 2.28 ; 1,380 
40.0 ae 22.7 1,345 
41.2 ea 28.1 1,370 


These softening temperatures are well 
below. some of the mould temperatures 
already given. From the foregoing it 
is evident that whilst certain combina- 
tions of silica and alumina may, from 
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the point of fusibility, make good re- 
fractory materials, it is also equally 
evident that combinations of lime with 
alumina or silica are not so desirable. 
However, this resistance to heat is only 
one of the many attributes which a fur- 
nace lining or a moulding sand should 
possess. Furnace linings have, in addi- 
tion to high temperatures, to resist one 
or more of the following conditions :— 
(1) Expansion and contraction, due to 
alternate heating and cooling; (2) the 
cutting action of flames, the abrading 
effect of molten metal, and the searching 
action of metallic oxides or scouring 
slags; (3) reducing or oxidising atmo- 
spheres in the furnace; (4) mechanically 
the lining must withstand the wear and 
tear of charging solid metal. With re- 
gard to the action of slags, we have 
already seen that silica and lime, when 
in contact at elevated temperatures, unite 
and form a silicate which fuses at a com- 
paratively low temperature. Therefore, if 
the lining of the furnace is siliceous and 
the slag contains much lime, this lim: 
will unite with a portion cf the silica of 
the lining and form a fluid slag. On this 
fact, refracting materials are grouped 
into three classes of :— 


I. Acid. II. Neutral. III. Basic. 


Acid materials contain an excess of 
silica which, acting as an acid, will com- 
bine with various bases to form a fusible 
silicate. Pure silica is extremely refrac- 
tory, and is found in nature chiefly in 
the form of quartz, flint, ete. The 
nearest approach to purity in samples 
commercially used is that of “silica 
sand’’ or Belgium white sand, average 
samples of which contain :— 


Per cent. 
From 9 to 96 Silica. 
“s as aim 0to 1 Ferric oxide. 
ve ie saa 0to 2 Alumina. 


and traces of lime and magnesia. 

This sand is very infusible, and it is 
used for forming the bed of the open- 
hearth furnace. The hearth portion of 
such a furnace is usually formed of a 
boiler plate shell, lined with firebrick, 
then a course of silica brick, and the 
basin formed by spreading even layers of 
white sand until the required contour is 
obtained. Each successive layer is 
“fritted,” that is, the temperature is 
maintained until it forms a compact 
mass. Should the fusibility of the sand 
be such that it will not “frit” at the 
furnace temperature—the white sand is 
diluted by mixing with it from 5 to 10 


per cent. of red sand. This addition of 
red sand raises the content of iron oxide, 


thereby rendering the mixture more 
fusible. Silica sand possesses no “ bond,”’ 
that is, it cannot be rammed into a 


given shape—neither can it be manufac- 
tured into brick without admixture. On 
the other hand, Gannister—an essentially 
siliceous  material—contains _ sufficient 
clayey matter to permit of the ground 
material being moulded into any required 
form. ° Geologically, Gannister is a fine- 
grained sandstone containing no mica, 
and, therefore, possessing no cleavage. 
Chemically, it varies within the following 
limits :— 


Silica ... 87 to 95 
Alumina 4to 5 
Ferric oxide .. Oto 15 
Lime and magnesia 0.25 to 0.75 
(Soda and potash) Alkalies 0 to 1.00 


Best Yorkshire samples contain 95 per 
cent. silica. After mining, Gannister is 
reduced to a coarse powder, and in 
certain cases lime cream is added during 
grinding. This addition is in all cases 
kept within low limits, and is only made 
when the material is deficient in binding 
qualities. Ground Gannister—mixed with 
a requisite quantity of water—can be 
used in any form of furnace construction 
which will permit of the material being 
rammed around a pattern. Examples are 
iron melting cupolas, Bessemer con- 
verters, and crucible steel melting holes. 
The last are oval in section, and are re- 
built once a month. Apart from lining 
in the manner indicated, Gannister is an 
excellent patching material, and in this 
manner is used as a daubing for worn 
places. Ground Gannister is also moulded 
into bricks or other furnace sections— 


which, on burning, are commercially 
known as “silica bricks.” Moulding 
sands are, strictly speaking, acid 


materials, but their consideration will be 
delayed for afew moments. To a limited 
extent, various siliceous rocks are used 
in furnace construction. Varieties of 
granite and millstone grit are refractory, 
but tend to split on attaining high tem- 
peratures. Sandstones especially must be 
bedded in the plane of their stratification. 
Exfoliation is the chief difficulty in 
adapting rocks as found in nature for 
direct furnace construction. 

Turning to the third class of refractory 
materials—comprised under the general 
term basic—we find that members of this 
group do not meet with a very extensive 
adoption in foundry practice. Although 
basic linings resist very high tempera- 
tures, they are not so easy to manipulate 
as are the acid linings. Consequently a 
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basic lining is only used when the slags 
of the process are of such a character 
that they eat into or unite with an acid 
lining. Thus in the basic process of steel- 
making the elimination of phosphorus 
depends on obtaining a strongly basic 
slag. Naturally these slags vary in com- 
position during the steel-making process, 
but the final or finishing slag will contain, 
approximately :— 

Per cent. 

13 


Silica ‘ pon wie pa 

Lime _.... J eS a 
Oxide of iron .. we .  e 
Oxide of manganese 8 
Magnesia . a + 5 
Phosphoric acid... is — 


In comparison with this, an average slag 
from an acid steel-making process will 
contain from 50 to 56 per cent. silica. 
These essential differences in the two 
types of slag determine the character of 
the lining. Thus, if the slag is highly 
siliceous, the process must be conducted 
on an acid hearth. On the other hand, 
if the slag is high in lime, a basic hearth 
must be used, the reason lying in the 
fact that, whatever the type of slag, the 
lining must be such that chemica] com- 
bination will not occur. Such combina- 
tion—as, for instance, between lime and 
silica—results in the formation of fusible 
silicates—a feature already noted in con- 
nection with softening temperatures. 
Commercially, basic materials are com- 
prised in lime and magnesia, or com- 
binations of the two. Crucibles of lime 
may be used for the fusion of platinum. 
(solidifying point of platinum, 1,780 
degrees C.). However, owing to the 
tendency of lime to become hydrated— 
and consequently to disintegrate—it can- 
not be extensively used in furnace con- 
struction. Magnesia, in the form of 
crucible or brick, will resist high tem- 
peratures, but is costly. The source of 
magnesia lies in magnesite, which con- 
tains, when pure: Magnesia, 48.73 per 
cent.; carbonic acid, 51.27 per cent. 
Impurities are lime, silicates of iron, and 
free silica. Dolomite, or magnesian 
limestone, is a double carbonate of lime 
and magnesia. It contains: Carbonate 
of lime, 54.35 per cent.; carbonate of 
magnesia, 45.65 per cent. Dolomite, 
after mining, is calcined at high tem- 
perature, ground to a powder and mixed 
with anhydrous tar. Tar is used as a 
binding agent—when the material is to 
be rammed directly on a furnace hearth 

or pressed into brick. In the latter case 
the completed bricks are externally coated 
with tar to prevent the absorption of 
atmospheric moisture, and so disintegrat- 
ing. A further basic material is found in 


bauxite, which is a hydrated ferric 
aluminate, and is applied in a similar 
manner to dolomite. In composition, it 
varies between the following limits :— 


Alumina 50 to 60 
Ferric oxide 10 to 25 
Silica ... 3to 5 
Water 10 to 15 


In passing, it may be well to note that 
bauxite is an aluminium ore calcined 
before use. 

In practice, it is not always feasible 
to build the whole of the interior of a 
furnace of basic material; as a rule only 
the hearth portion is so formed. Roof 
and ports which have only heat to resist 

not the action of the slag—are built of 
acid bricks. In considering the action of 
a basic slag on an acid lining, it is equally 
obvious that similar conditions hold good 
when acid and basic refractory materials 
are heated in contact. This remark in- 
troduces the second class of refractory 
materials—termed neutral -in that they 
are unaffected by either basic or acid 
materials. Evidently, then, a neutral 
material can act as an isolating layer 
between the acid and basic portions of a 
furnace. Such a material is found in 
chromite, an extremely refractory sub- 
stance. The composition varies between 
the following limits:—Chromic oxide, 
from 40 to 60; magnesia, from 6 to 18; 
ferrous oxide, from 15 to 36; alumina, 
from 5 to 30. Were it not for the diffi- 
culty of fritting together chromite would 
make an excellent hearth. As it is, its 
use is confined to that of an isolating 
layer between acid and basic material. 
Carbon, an extremely refractory and 
neutral material, is met with in foundry 
practice chiefly in the form of facings 
and as a_ constituent of plumbago 
crucibles. These crucibles contain from 
25 to 50 per cent. graphite, the remainder 
being a mixture of fireclays. Plumbago 
or graphite varies in quality, and 
may contain from 36 to 96 per cent. 
carbon. The former content is often met 
with in adulterated plumbago facings. 
Normal graphite contains 80 per cent. 
carbon, whilst best picked Ceylon samples 
may reach up to 99.8 per cent. carbon— 
practically pure carbon. The most 
interesting members of the neutral group 
of refractories are found in fireclays. 
These clays are essentially hydrated 
silicates of alumina, and when pure 
correspond to the formula : Al,0,;, ,SiC,, 
,H,O. In other words, a pure clay, 
before burning, should contain :—Silica, 
46.5 per cent.; alumina, 39.5 per cent. ; 
combined water, 14.0 per cent. A clay of 
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this composition would begin to soften or 
fuse in the neighbourhood of 1,830 degrees 
C. The nearest approach to purity is 
found in china clay—generally composi- 
tions vary between the following limits :— 
Silica, 50 to 65; alumina, 25 to 35; com- 





bined water, 10 to 14. Four actual 
analyses are as follows:: 
Fitreclays. 
Stour- | Stann- 


China. | bric ge.| Derby. ington. 





Silica ... 46.3 63.3 52.0 47.6 
Alumina 40.0 233 36.0 354 
Magnesia 04 | Trace 05 Li 
Im pur- | Lime ... 0.4 0.7 0.8 1.0 
ities. \ Ferric | 
oxide.. 0.27 1.8 2.0 3.5 
Combined 
water 12.67 10.3 9.0 10.6 


The impurities of a clay are—magnesia, 
lime, oxide of iron, and alkalies. The 
special properties of a clay do not depend 
on the presence of any one impurity. 
Further, the exact influence of the 
impurities in relation to each other is not 
accurately known. In any case the alkalies 
—soda and potash—should together not 
exceed a total of 1 per cent. The best 
means of testing a clay is a practical 
one; that is, moulding cubesof the clay 
and heating them to a temperature just 
a little higher than that which the clay 
will have to meet in practice. The 
appearance of the corners will give a fair 
index of the heat-resisting properties of 
the clay. In the foregoing analyses the 
term combined water will have been 
noted. Contradictory though it may 
seem, this represents the amount of water 
in a dry sample—in other words, chemi- 
cally combined water. Heated to a low 
temperature, the hygroscopic water is 
driven off; when heated to a high tem- 
perature, the combined water is expelled 
and the clay becomes “burnt.” It is, 
therefore, on the presence of combined 
water that the plasticity of a clay de- 
pends. No amount of added water will 
restore plasticity to a burnt clay. In the 
form of bricks, fireclays are used for the 
internal construction of air furnaces, 
erucible furnaces for brass melting, and 
cupola linings. These bricks are also 
used to form the hearth portion of an air 
furnace for melting brass. Similar 
furnaces for cast iron sometimes have the 
hearth formed of sand rammed on the 
top of the fire brick. Fireclays are also 
used for the manufacture of clay cruci- 
bles for steel melting. Both for bricks 
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and crucibles a mixture of clays gives a 
better result than an individual clay. 
So far, the materials considered are, in 
a sense, natural products. Their pre- 
liminary treatment includes weathering 
in the case of clays, calcination in the 
case of basic materials, and in all cases 
reducing to a more or less fine state of 
division before admixture and manu- 
facture into brick or ‘crucible. Dis- 
similar mixtures or artificial products are 
not extensively used. However, one of 
these may be noted. This is sold under 
the name of puramachos, and consists of 
powdered quartz mixed with 10 per cent. 
of clay. The clay is added in order to 
give a bond to the quartz, which may be 
further increased by wetting with a solu- 
tion of silicate of soda. In some respects 
this product may be likened to an artifi- 


cial Gannister high in alumina. Its 
analysis is approximately :— 
Alumina ... ses eee 14.0 
Silica - ose ese £0.2 
Soda ... ine / “~ io 3.2 
Combined water ns oss 2.6 
Turning from furnace materials to 
moulding sands, certain points. of 


similarity are noted in that both must 
resist high temperatures; further, mould- 
ing sands being acid, it follows that silica 
is a predominant constituent. But whilst 
there are points of similarity, there are 
also many points of dissimilarity, and I 
believe, gentlemen, you will agree with 
me in stating that the requirements of a 
sand are, on the whole, greater than 
those of furnace linings. Broadly speak- 
ing, the latter have to resist heat, 
furnace atmospheres, the action of liquid 
slags and metals. To some extent the 
behaviour of a lining in relation to the 
foregoing requirements can be foretold 
from its analysis. This naturally gives 
birth to the question, “Can we foretell 
the behaviour of a sand from _ its 
analysis?” Whilst raising the question 
the author will delay an answer for a 
few moments, in order to examine some 
of the essentials of a moulding sand. As 
we are taking sands alone, it is necessary 
to exclude facings, coal dust, horse dung, 
ete. A moulding sand should, with the 
minimum of trouble, produce a clean 
casting. This naturally involves that the 
metal poured into the mould shall not 
fuse or soften the sand. We have 
already seen that mould temperatures 
vary with the character of the metal or 
alloy poured into them. Therefore, 
moulding sands being acid materials, it 
should follow that the higher the content 
of silica the greater the heat-resisting 
properties. Examination of many types 
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of sand shows that the silica does vary 
somewhat as follows—though this cannot 
be taken as a hard and fast rule :— 








| é | ge F 
Type of | 22 | SE | BE 
ype o ea 5 2S 4- “a 
casting. tes 2S ee s2 Steel 
_ = — 
f | As 5 
Content of | 


silica .. | 78to 80 80to082 82to8t 81to88 9to95 
If, therefore, resistance to heat was the 
only thing desired, the foregoing classi- 
fication would offer an excellent means 
of grading moulding sand. 

A consideration quite apart from tem- 
perature is, however, found in the 
searching action of liquid metals. It can 
be taken as an axiom that the greater 
the fluidity the greater the penetration 
into the mould. For example, we may 
take a series of moulds—say, 4 cwt. cubes 
—prepared from one batch of sand, all 
equally rammed, and all in the same con- 
dition as regards moisture, but none of 
them faced. We will assume that the 
sand is in a moderately fine state of 
division, such as would be usual for a cast- 
iron mould, and that it contains 84 per 
cent. silica. Into one mould fluid cast 
iron is poured at a temperature of 1,350 
degrees C. A certain amount of sand will 
stick to the cold casting, but it will per- 
mit of removal by a wire brush. Into 
another mould mild steel, at a tempera- 
ture of 1,600 degrees C., is poured, and 
from the cold casting adhering sand will 
not permit of removal by a wire brush. 
It will, in fact, have fused into a silicate 
of a more or less glassy nature, and will 
require chipping off. This is purely a 
temperature effect, but turning. to the 
other extreme, and taking an example 
from lead, it will be found that a cast- 
ing poured at 400 degrees C. will come 
out with a perfectly smooth skin. If 


another casting is poured at 675 de- 
grees the sand _ will adhere’ most 
tenaciously and the casting be full 
of veins. The adhering sand will 


give every appearance of being burnt— 
if not actually fused—yet the temperature 
is only half that of cast iron, which at 
1,350 degrees would yield a smooth cast- 
ing. Although not actually a fusion of 
the sand into a silicate, the difficulty in 
dressing the casting is as great. Pro- 
bably the most common example of 
‘‘ searching ’’ is found in phosphor bronze, 
which at a normal temperature is ¢x- 
tremely fluid, and will penetrate into the 
pores of a mould, binding the individual 
grains of sand into a dense and compact 


mass—a fact very familiar to brass 
founders, and one readily appreciated by 
the dressers. 

Therefore, in certain cases, a moulding 
sand must resist, not only temperature, 
but also the penetrating action of a thinly 
fluid metal or alloy. Of necessity, this 
latter property must be associated with 
porosity in the sand. Could an im- 
pervious mould be used there would be no 
difficulty in arresting penetration.. How- 
ever, the substance of the mould must be 
of such a nature as to offer a free escape 


for the gases generated on casting. 
Further, the sand, when rammed _ into 
shape, should be firm to resist liquid 


pressure, and strong to resist the wash- 
ing action of a stream of molten metal. 
These do not constitute all the desirable 
features of a sand; incidentally it should 
give a clean, smooth skin to the casting 
and be readily removed from it. 

Reverting to the chemical composition 
of sands, they are found to contain—in 
addition to silica—varying amounts of 
alumina, magnesia, lime, and metallic 
oxides. Alumina increases the cohesion 
of a sand—that is, its binding qualities 

but at the same time it destroys 
porosity. Lime and metallic oxides, if 
in excess, increase the fusibility—hence, 
destroy heat-resisting properties. Soda 
and potash are equally harmful in this 
respect, but they are not usually pre- 
sent in dangerous quantities. 

The fact that alumina increases the 
binding properties of a sand permits of 
another form of classification—thus :— 


Heavy 
' Light brass & Medium Heavy 
Type of Casting. bra-s.lightiron. iron. iron. 
Content of Alumina 12 10 & 6 


To put this table in another light— 
clay water is often added to a sand lack- 
ing ‘“‘grip.”’ This addition of clay adds 
alumina to the sand, thereby increasing 
its binding properties. Where, however, 
sand is used green, alumina must not be 
higher than the amounts specified, owing 
to its tendency to bake like brick and 
so become impervious. 

A thought occurs here in the fact that 
loam often contains large amounts of 
clay, and, therefore, comparatively large 
amounts of alumina. But it must also 
be remembered that loam mixtures con- 
taining clay in excess also contain a cer- 
tain amount of sharp sand. The distribu- 
tion of these angular grains of sand 
through the mixture keeps it open in 
character, and on drying effectual y pre- 
vents baking, in the sense of a compact 
non-porous mass. 


B 
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Turning to some actual analyses of 
moulding sands, the following will be of 
interest :— 


Analyses of Sands. 


| 





ee | @ |e 
| piack. Mans-| = 2 | Se E| Clyde 
| field, | SS 2 | 258 | Rock. 
ME a |oa~| 
Gets 
Silica 78.5 | 83.40 | 83.69 85.52 | 92.75 | 87.32 
Ferric 
oxide wo | 6.0 | 3.14| 410 3.72] 2.50| 3.74 
Alumina 4.75 | 7.47 | 626) 547 | 2.56) 7.10 
Lime | 03 | 0.20] 0.66) 0.74] 0.27| 0.64 
Magnesia | — | 0.62| 0.51 | 0.52 |trace| 0.31 
| | 
In justice, I ought to add that the 
Mansfield sand represents an analysis 


made in 1896. The black sand is taken 
from the floor of a foundry making light 
castings, and was also made in 1896. The 
other analyses are comparatively recent, 
and I am indebted to the courtesy of 
our Secretary and President for samples 
of Kidderminster and South Staffordshire. 

The sample of rock sand was kindly 
forwarded by Messrs. D. Rennie & Com- 
pany, Camlachie Steel Foundry, and was, 
I believe, obtained from the sand quarries 
of Messrs. J. Baird & Sons, Glenboig. 

Examination of Mansfield, Kidder- 
minster, and South Staffordshire will 
show that there are no startling chemical 
differences, and geologically the three 
are identical. Yet in practice they be- 
have very differently. Thus, Kidder- 
minster is more given to ‘‘ scabbing ” than 
South Staffordshire. A further interest- 
ing feature given by our President is 
that moulds faced with the latter 
do not require dusting with plumbago 
or blacking. Mixed only with coal 
dust, South Staffordshire sand _ will 
produce castings of clear smooth skin, 
without the aid of any facing. Such is 
not the case with Mansfield sand, and 
here a charcoal or plumbago facing is 
essential to a smooth skin. In this re- 
spect Belfast sand, as used in this dis- 
trict, is very similar to Mansfield. 

These differences in behaviour cannot 
be accounted for by chemical analysis, for 
the three are practically identical. State 
of division—that is, fineness of the par- 
ticles will not account for it—for the 
three sands in the same state of fineness 
will be found to behave differently under 
practical conditions. Angularity of par- 
ticles may have some influence, but this 
is a subject beyond our immediate pur- 

ose. 

The foregoing sands enter into green 
or dry sand, and loam mixtures. Rock 
sand is extensively used for dry sand 


work, and for this purpose a better facing 
sand will be hard to find. 

Steel castings—when of light section— 
are made in green moulds, as in the case 
of cast iron, the difference lying in a 
facing of powdered silica (silica flour) be- 
ing used instead of charcoal or plumbago. 
The majority of steel moulds are, how- 
ever, made in dry sand, and the sand 
used is unlike that of the iron or brass 
founder, not a natural product. With 
steel, resistance to high temperature is a 
very necessary quality; this is met by 
the use of mixtures sold under the term, 
of steel moulding composition. These 
compositions vary in silica from 50 to 
60 per cent., and in alumina from 20 to 
40 per cent. 

In reference to what has already been 
said as to alumina, its high content in a 
steel moulding composition is noteworthy. 
A distinctive feature must be noted here, 
viz., sands are used in a natural state— 
i.e., as quarried—whilst steel moulding 
compositions are mixtures of ‘ burnt’”’ 
material. That is, mixtures of burnt fire- 
brick, old clay crucibles, etc. Sand and 
clay, on burning, lose their plasticity, thus 
parting sand, when wet, will not cohere, 
and burnt bricks, after grinding, cannot 
be again used for brick-making. 

The burnt alumina present in a com- 
position does not, therefore, impart 
plasticity ; it simply increases the resist- 
ance to heat. Obviously, a mixture of 
ground brick and crucible will not cohere 
on damping, and some substance must be 
added to give ‘‘bond.”’ Suitable bind- 
ing agents are found in glucose, or 
varieties of core gums. On analysis this 
bond is reported as organic matter, of 
which there is usually 5 per cent. present. 
Carbon, in the form of ground coke dust, is 
also added to the extent of 3 per cent. 

Usually, compositions are purchased 
ready for use. Where home mixing is 
attempted, silica sand, “bonded” by the 
addition of clay water, forms the basis 
of the mixture. The following mixtures, 
given recently in “Stahl und Eisen,” give 
an idea as to the ingredients employed :— 





, dating 
; step)| Heavy 
Light steel castings. 


Old facing sand at 
Old crucibles ... “a ol § 
Old fire brick ... ore i 1 
White clay 1 
Coke dust 4 
Silica sand - 
Graphite — 


ralel |S 
1 | reser Se 
| 


Here it will be noted that clay forms 
the ‘‘ bond.” 
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CAST IRON. 


By Hersert Pirxineton, M.Inst.C.E., 
M.1.MEcH.E. (VICE-PRESIDENT). 
Tue selection of pig-iron, its mixing 
and melting, and subsequent treatment 
in the foundry, must always be a subject 
of profound interest to every foundryman, 
and yet it is doubtful if in this country 
this branch of foundry practice has re- 
ceived that consideration and attention 
which its importance demands. It is 
true that during the last few years there 
has been such an awakening of foundry- 
men to the scientific considerations which 
bear upon foundry practice generally 
that this reproach is within measurable 
distance of being removed, and the 
formation of the “ British Foundrymen’s 
Association” is concrete evidence of that 
fact. The writer does not desire to be 
misunderstood upon this point. There 
are many foundries where every care and 
consideration is given to this subject, 
where chemical analysis and mechanica! 
tests control or advise the whole working. 
On the other hand, there are many more 
where it receives little or no attention; 
there are others who keep chemists or 
receive analyses, and yet possess no one 
in authority who is capable of interpreting 
or adequately using such advice. There 
are many very practical and successful 
foundry managers who dread to lose a 
certain brand of pig-iron out of their 
mixtures because the brand that replaces 
it appears to them to lead them into 
the unknown—and it frequently does. 
There are others who rely upon the 
wisdom of the cupola minder. In these 
days, however, the thirst for accurate 
knowledge is too great for this kind of 
practice to continue, and we are con- 
strained to gather from scientific men all 
the information we can possibly get, and 
to call in and use the chemist in every 
possible way we can. It is, however, 
not alone the practical man who has 
hitherto neglected scientific research in 
the foundry, but also the metallurgist, 
whose attention has mostly been bestowed 
upon steel and its manufacture. There 
are, however, without doubt, numerous 
signs that this apparent neglect is be- 
coming a thing of the past, and that we 
are entering upon a period of enlightened 
enquiry in the foundry in which the 
Association will doubtless take an honour- 

able and. important part. 


Cast iron, the metal with which 
foundrymen have principally to deal, 
is a metal of exceedingly varied 


composition and complex physical con- 


struction. Pig-iron in its crudest 
form varies principally with the dis- 
trict in which it is produced, and, 


generally speaking, has a defined char- 
acter in accordance with the character 
of ores obtainable in that district. Thus, 
we have Scotch, Cleveland, Frodingham, 
Derbyshire, Northamptonshire, North 
Staffordshire, and South Staffordshire 
pig-iron, and other pig-irons such as 
hematite, cold blast, basic, cinder iron, 
and certain special irons, which are made 
indifferently in any districts where the 
material to make them is available. As 
we are dealing with such irons only as 
are available for foundry purposes, only 
those will be considered. The table of 
analyses here given shows the typical 
chemical composition of each of these 
general types of pig-iron and the prin- 
cipal ores used to make them. Pig-iron 


No. 3 Foundry. 


South | South 




















North 

Staffs. | Staffs. | Staffs. >) 
oe | Cold | Hema- 

All blast. oe 

— mine. q Test 

No, 5. Coast. 

Graphite carbon 2.53 2.56 | 2.15 3.25 
Combined _,, 0.42 0.37 | 0.41 0.54 
Silicon ... ai 2.89 2.35 0.95 2.10 
Sulphur ... 0,023 0.06 | 0.11 0.04 
Manganese _... 1,92 0.73 0.72 trace 
Phosphorus ... 1.29 0.62 0.51 0.045 
Ores used :— Calcined-—Calcined—— Hema- 
Blackband. Clayband, tite. 

Clayband, 
Oolitic 

(se ileg.|#.]e.| 28 

_ 8 | $3|\S8| 52/88 

8 |2a)|38| 85| SE 

n \|~~ a A" \A*e 

Graphite carbon ... | 3.35 | 3.16 | 3.10 | 3.65 | 3.10 
Combined __,, .. | 0.20 | 0.48 | 0.56 | 0.31 | 0.35 
Silicon Be -» | 2.15 | 2.59 | 2.75 | 2.60 | 3.20 
Sulphur 055| 0.08 | 0.038) 0.02 | 0.04 
Manganese ... . | 1311) 0.60 | 1.68 | 1.02 | 0.48 
Phosphorus ... ve | —_ 1.57 | 1.32 | 1.40] 1.65 











Ores used... Black- Cleve- Lias. Lias, Ooli 


band. land. Ooli- tic. 
Clay- Lias, tic. 
band. 


rarely contains more than 93 per cent. 
or 94 per cent. of pure iron, the other 
constituents consisting of silicon, sulphur, 
phosphorus, manganese, and _ carbon. 
There may possibly be present minute 
quantities of other elements, such as 
titanium, copper, etc., but these are 
rarely present to an appreciable extent 
B 2 
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in ordinary English irons. These metal- 
loids and metals materially affect the 
character of cast iron, and it is due to 
their relative percentages that one pig- 
iron has different characteristics than 
another. It is, therefore, of the highest 
importance that in all foundries these 
constituents should be ascertained by 
analysis, and carefully studied with re- 
gard to the ultimate use of the iron in 
the various classes and forms of castings 
made. In addition to the chemical 
analysis of the constituents of cast iron, 
no paper on that subject in these days 
can be considered complete without some 
consideration of the microscopical 
analysis which of late years has practi- 
cally given birth to what may be called 
the new science of metallography. This 
microscopical research provides the means 
which enables us to investigate the all- 
powerful influence of heat on _ the 
crystallisation of cast iron and other 
metals, and the great part which carbon 
takes in such crystallisation. Cast iron, 
with its large percentage of metalloids, 
has been, to some extent, neglected as a 
subject for research by the microscopists 
as well as by the metallurgists. Never- 
theless, it may be safely assumed that 
any research work of this character upon 
cast iron will yield results of equal 
interest, and possibly of equal import- 
ance, to those which have been discovered 
in stee] and other metals. It has been 
shown that what at one time was thought 
to be two forms only of carbon in iron 
and steel, now stands revealed in several 
modifications, and to these various 
modifications and their different forms 
of crystallisation the differing physical 
characteristics of the metal are in a large 
degree to be ascribed. 


The influence of the constituents of 
cast iron on the resulting metal are 
very considerable, both with regard 
to its strength, fluidity, hardness, 
and softness. and also its. wastage 
in re-melting and the consumption 
of coke in the cupola. In this 


country it is customary for most foundry 
purposes to use irons containing much 
more manganese, phosphorus, and silicon 
than is the case in America. The differ- 
ence is considerable, and the larger per- 
centages in English irons account for their 
general superiority as foundry irons. 
They have, generally, greater fluidity 
and also greater soundness. Probably 
two of the best foundry irons in this 
country to-day are Scotch and Derbyshire, 
which have a manganese content of 1 
per cent. or over. Now, while manganese, 
per se., is undoubtedly a general weakener 


and hardener of cast. iron, it must be 
remembered that in re-melting a great 
deal of it is lost, probably about a third, 
and its loss means a loss of sulphur also. 
Very strong irons, indeed, may contain 
as much as 75 per cent. of manganese. 
Manganese also increases the power of 
iron to retain carbon. A foundry pig 
containing 1 per cent. of manganese will, 
as a general rule, be very low in sulphur, 
and will not be excessive in silicon, be- 
cause the conditions at the blast furnaces 
are favourable. In re-melting, the iron 
always picks up sulphur from the coke 
used, and if the manganese is carried 
forward into the ladle it mostly 
eliminates the sulphur while waiting to 
cast. The cupola itself is a bad mixer, 
but large foundry ladles or receivers are 
good ones, and should be used wherever 


possible to facilitate the reactions. The 
hotter melting and increased fluidity 
derived from the use of silicon, man- 


ganese, phosphorus in English irons is 
very desirable for very many classes of 
foundry work. Most cupolas in_ this 
country waste their manganese in melt- 
ing, through the acidity of their slags, 
and it would be better in every way if 
cupola slags were rendered more basic by 
the use of more limestone as flux for the 
coke-ash and other impurities. In re- 
melting, there is, of course, a loss in all 
the impurities of pig-iron except the sui- 
phur and combined carbon, which always 
increase. This is illustrated by the fol- 
lowing analyses from experiments con- 
ducted by Jungst in the Imperial Foundry 
at Gleiwitz :— 

Ist 2nd 3rd 
Melting. Melting. Melting. 
se 2.54 eee 2.08 


Carbon (Graph.) ... 2.73 : 
»  (Combd.)... .66 le 7 ss 1,28 
Silieon aie -. 242 ont 1 88 ‘aie 1.16 
Sulphur... we a as 10 = -20 
Phosphorus ie a ie — “ 28 
Manganese... — * oe 44 ae .36 


These results illustrate the loss of man- 
ganese, graphite, and silicon, and the in- 
crease of combined carbon and sulphur. 
Manganese has often been used in chilling 
work, such as chilled rolls, where it is en- 
tirely out of place, and can only tend to 
weaken the chill if used in amounts over 
1 per cent. This quantity does not ap- 
pear to affect the carbon; the best prac- 
tice is under .7 per cent. On the other 
hand, in chilling irons, sulphur may be 
present, as in No. 5 Staffordshire cold-blast 
iron, to the extent of .15 per cent., with- 
out any ill effects, and, without doubt, 
assists as a hardener. In the presence of 
very low silicons, such as are used in 
chilled roll making (i.e., .8 per cent. to 
1 per cent.), this amount of sulphur 
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doubtless has some effect upon the carbon. 
It is worthy of note that in this class of 
chilling iron, phosphorus is usually about 
-5 per cent., and that the iron is of great 
transverse and tensile strength, and it is 
also very hard to machine, but, when 
machined, is usually exceedingly sound 
and clear. American chilling irons in- 
variably contain much lower sulphur 
and phosphorus than English. 

In this country, for chilled roll making, 
the iron is always melted in an air fur- 
nace, at all events where the best prac- 
tice obtains, because of the higher tem- 
perature and more efficient mixing; and 
also the absence of contamination. 

Sulphur causes carbon to assume the 
combined form, and, therefore, should be 
avoided in all soft castings, or those re- 
quired for easy machining. It also tends 
to the formation of dirt spots in castings. 
Most of the sulphur in grey castings is 
derived from the coke used in melting, 
and it is of the highest importance that 
only such cokes should be used as are low 
in sulphur. No coke should be used con- 
taining over 1 per cent. sulphur, and that 
is too high for really soft work. 

Sufficient lime should be used in the 
cupola and sufficient manganese in the 
mixture, and, above all, hot melting 
should be the general practice. The use 
of receivers, or large cupola ladles, is 
much to be advocated to act as mixers 
where the metal can cool to the required 
casting temperature. Where two or 
three brands of iron are mixed this 
is especially important, as it is by 
no means easy to get varying irons 
to readily mix otherwise. These condi- 
tions are all favourable to the production 
of clean, sound iron. 

Phosphorus is present in cast iron in 
the form of phosphide, and appears to 
have little influence on the carbon. It 
promotes the fluidity to a large degree, 
and ornamental and light artistic cast- 
ings may, and often do, contain up to 
2 per cent., and in extreme cases as much 
as 3 per cent. On the other hand, all 
phosphoric iron is brittle and hard, and 
it should, therefore, be used with judg- 
ment. Irons with very low phosphorus 
contents make castings, other things 
being equal, much too soft for many pur- 
poses, and hematite irons may generally 
be classed in this category. 

Silicon much promotes fluidity, and is 
a very important element in cast iron, 
and, in many senses is the foundry con- 
troller in a given iron as to its grading, 
No. 1 iron being the most silicious and 
white iron the lowest in silicon content. 
Professor Turner has shown the results 


that the various proportions of silicon in 
cast iron produce :— 


Per cent. 
Maximum hardness under _... ne 0.80 
Crushing strength about a 0.80 
Density about ; on 1,00 
Combined crushing tensile and 
transverse strength about : 1.40 
Te isile strength 1.80 
Softness and working qualities 2.50 
Lowest combined carbon 5.00 
Owing to the property which silicon 


has of throwing out of solution the car- 
bon—in the form of graphite—-glazed and 
silicious irons and ferro-silicons have been 
frequently used as softeners. Consider- 
able care is, however, necessary in order 
to get a thorough mixture of the metals, 
as the cupola itself is not an efficient 
mixer; also, the character of the scrap 
has to be carefully watched. The more 
silicious pigs will, of course, carry more 
scrap and harder scrap than those of 
lower silicons, but the resulting castings, 
even soft ones, ought not to greatly ex- 
ceed 2.5 per cent., as silicon, per 8e., is 
undoubtedly a great weakener of iron. 
The temperature conditions in the blast 
furnace that produce high silicons in pig- 
iron are exactly those which favour very 
low sulphur, as in No. 1 pig-iron, and the 
temperature conditions which favour 
high sulphur are those which favour low 
silicons, as in the case of white iron. The 
writer, has, however, known many ex- 
ceptions to this apparent rule in pig-iron, 
produced by changes in fluxing and mix- 
ing, and it is doubtful if «ny grading of 
pig-iron by analysis alone will ever be 
perfectly satisfactory if silicon is the 
element relied upon, as is frequently sug- 
gested. This question of grading by 
analysis is much discussed in these days, 
and it is noticeable that casting machines 
for foundry pig-iron in this country have 
made no headway, the pigs, where 
mechanical handling has been introduced, 
being cast in sand, and lifted by cranes 
and broken by machines. This is done to 
preserve the fracture, as the buyers 
generally will not take the iron from 
sasting machines owing to the broken, 
chilled, or scattered fracture caused by 
casting in iron moulds. This may be 
prejudice, but the writer is of opinion 
that silicon is an unsafe guide, of itself, 
to the grading character of foundry pig- 
iron without the assistance of fracture. 
High silicon may occasionally be found 
in forge pig-iron, and high sulphur may 
be found associated with it at times. The 
fact is, that the fracture shows that the 
carbon is either in a normal or an ab- 
normal condition, and that is of value 
in itself. 
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If a very grey iron at the blast furnace 
is run into pigs in sand very slowly, its 
fracture, when cold, is a very wild and 
scattered one, and it would in all pro- 
bability be graded as No. 4 foundry, but 
by analysis it would be graded as No. 1 
and 2iron. If the usual amount of scrap 
that No. 1 or 2 carries were melted with 
this iron in the cupola, the resulting cast- 
ings would be very much harder than 
usual; in fact, in many classes of work it 
would give trouble. This iron, in cooling 
on the pig-beds, always throws out ab- 
normal quantities of kish. It has been 
said that whatever may be wrong with 
the pig-iron in its carbon, that when re- 
melted, that carbon is all restored to a 
normal condition in the casting. It does 
not appear possible to controvert such a 
statement, but the class of iron just re- 
ferred to is not restored to a normal con- 
dition, and I am afraid is little known to 


“Peeri le: 





oO os 1d rs 


age in cast iron is increased according to 
its hardness generally, and, therefore, is 
principally controlled by the combined 
carbon. Silicon tends to exclude carbon 
and throw it out as graphite, whilst sul- 
phur has the opposite effect. In the 
molten state all the carbon is in solution, 
but in cooling down, when silicon is 
present in sufficient quantity, most of the 
carbon separates from solution, forming 
graphite, which is familiar to all as the 
bright scales uniformly distributed 
throughout the metal, and which confer 
upon it its softness. The carbon which 
separates out after solidification in the 
form of a fine powder is usually called 
temper carbon, or temper graphite. 

Of late years the forms of combined 
carbon in iron have been very exten- 
sively enquired into by means of the 
microscope used upon the etched surfaces 
of the metal. The microscopical analysis of 
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CONSTITUTION OF IRON CARBON COMPOUND (SAUVEUR). 


metallurgists. Whether it leaves any- 
thing behind it in the kish on the pig- 
beds, or whether the melting temperature 
of the ordinary cupola is insufficient to 
restore it to normal condition, the write: 
does not pretend to say, but the facts are 
as given. In all probability, a little micro- 
scopical research on this iron, which is 
frequently produced, would reveal some- 
thing of considerable interest ; meanwhile, 
pig-iron for foundry purposes will doubt- 
less continue to be bought by both frac- 
ture and analysis combined, as is now 
being done, and as has been dictated by 
experience, or until we all get a little 
better educated in its mysteries. 

Carbon in cast iron may range from 2 
per cent. to over 4 per cent. in white 
iron. In white iron this carbon is nearly 
all in combination, and in No. 1 iron it 
nearly all exists as graphite, the former 
being the hardest end of the scale and the 
latter the softest. Combined carbon, 
therefore, is a hardener of cast iron; in 
fact, it is the greatest hardener. Shrink: 


cast iron itself has not been investigated 
to anything like the extent that steel has 
been examined, and in many ways, so far 
as published records go, we lave to base 
our deductions with regard to cast iron 
upon the investigations made upon steel. 
These show that the iron-carbon alloys 


contain two defined crystalline con- 
stituents, t.¢e., ferrite, or pure iron, and 
cementite, or iron carbide, Fe,C., also 


pearlite, the eutectic mixture of cementite 
and ferrite. This latter contains 13 per 
cent. of cementite and 87 per cent. of 
ferrite. Cementite contains 6.9 per cent. 
arbon, while pearlite contains 0.89 
per cent. The diagram given above, after 
Sauveur, illustrates these three con- 
stituents as they exist in steel or white 
iron according to its content of carbon, 
which is shown on the horizontal scale. 
Thus, iron with .89 per cent. of carbon 
in combination is constituted wholly of 
pearlite, while a white cast iron of 3.5 
per cent. of carbon would be constituted 
of 62 per cent. of pearlite and 38 per 
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These constituents 
the solid mass in 


of cementite. 
segregate and form 
cooling down. This solid segregation is a 
phenomenon of profound interest and 
importance. The diagram below, after 
Roozeboom, shows in graphic form the 
various results as they occur in the cool- 
ing down of iron-carbon alloys. The 


eent. 


flattened V, with a horizontal line under- 
scoring it, represents the temperature and 
composition at any moment. The under- 
scoring line shows the temperature at 
which the final solidification occurs, that 
is, the freezing point of the eutectic or 
mother liquor. The upper V curve shows 
the temperature at which partial freezing 
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horizontal scale carbon contents. If we 
take as a concrete example an iron con- 
taining 3.3 per cent. of carbon, and trace 
it on a diagram where it is marked by 
a vertical red line, we can observe what 
changes occur in cooling down from a 
molten condition to the cold solid state. 
The upper curve, which is an ordinary 
freezing curve, having the shape of a 


upper curve cuts the red ordinate, corre- 
sponding to 3.3 per cent. carbon, at a 
point indicating 1,200 degrees C., or 2,192 
degrees F. At this temperature partial 
solidification occurs, owing to the iron 
containing more saturated austenite than 
is required to form the eutectic compo- 
sition. 

Austenite is a solid solution of carbon 
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in iron, and may vary in composition. 
The term austenite is used in its widest 
form for the sake of simplicity, and in- 
cludes such constituents as hardenite, 
martensite, troostite, and sorbite, which 
three latter are transition forms between 
austenite on the one hand and ferrite 
and cementite on the other. From 2,192 
degrees F. down. to 2,050 degrees F. 
austenite separates out, and then at this 
temperature the mother liquor has at- 
tained the eutectic composition and 
solidifies. The mixture of austenite and 
graphite, of which the eutectic is formed, 
contains 4.3 per cent. of carbon. It will 
be seen that the upper curve dips down 
and touches the underscoring line at this 
composition, and that with iron contain- 
ing more than 4.3 per cent. carbon the 
upper line again ascends; the excess 
solidifying this time, however, is graphite. 
Final solidification, then, occurs in an 
iron of 3.3 per cent. carbon at about 2,050 
degrees F., and the iron then consists of 
austenite and graphite. In cooling down- 
wards, the next point of change occurs at 
1,830 degrees F., when the austenite begins 
to break up into cementite, and normally 
cooled metal between this temperature 
and the lower line at 1,260 degrees F. 
would be found to consist of austenite 
(or its modifications), cementite, Fe,C, 
and graphite. The percentage of graphite 
would, however, be less in this region, as 
to form cementite containing 6.9 per cent. 
of carbon, some of the graphite is 
absorbed into the iron, and in the case 
of white iron practically all the graphite 
so disappears. On passing the 1,260 de- 
grees F. line the austenite (which would 
be found to have attained a composition 
of 0.9 per cent. carbon approximately, 
and is then often termed hardenite) is 
converted to ferrite, or pure iron and 
cementite, Fe,C. These constituents in- 
terstratify in layers, and so produce a 
constituent which, from its appearance 
under the microscope after etching, has 
been called pearlite, so that in a normally 
cooled iron, or iron and carbon alloy of 
3.3 per cent. of carbon, we should expect 
to find a metallic structure consisting of 
pearlite and cementite, and in addition 
through lag of the absorbing, reaction, 
graphite. 

If the iron contains silicon. and 
other metalloids, as in the case of grey 
cast iron, these results are, of course, 
modified thereby; thus we know that 
silicon promotes the separation of carbon 
as graphite and thereby reduces the 
amount of cementite formed. In very 
grey pig-iron with high silicon content, 
nearly the whole of the carbon, with the 


exception, perhaps, of .10 per cent., may 
be graphite, and, therefore, not in solu- 
tion, 

Rapid cooling from above any of these 
points of critical temperatures indicated 
by the horizontal lines cannot but have 
some effect on the physical properties of 
the iron. We should also expect to find 
at the temperature corresponding to these 
critical points an alteration in the rate 
of cooling. Professor Turner caused the 
cooling curve of No. 1 Northampton iron 
to be taken by Mr. O. F. Hudson, and 
three distinct points of retardation oc- 
curred at temperatures of about 1,115 
degrees C., 935 degrees C., and 860 de- 
grees C. 

The lower line on the diagram—1,260 
degrees F.—is an important one, as it is 
at this point where pearlite is formed, 
and also where the constituent known as 
sorbite is produced. Sorbite is a variety 
of pearlite, but of a more homogeneous 
structure, and which is now known to 
give much increased strength to steel 
treated at or about this temperature. 

A paper read at the Barrow meeting 


of the Iron and Steel Institute by 
Messrs. Stead and Richards on sorbitic 
steel rails, brought forcibly to the 


writer’s mind certain facts observed with 
regard to cast iron, and caused him to 
make a few experiments. A number of 
bars were, at a cherry-red heat, 
dipped for a little over a minute in a 
convenient blacking bosh, and then lifted 
out and left to cool naturally, the 
results of which are shown in Table 
No. 1. Another series were tried, 
as shown in Table 2, with the 
addition of a test in clean, cold 
water. Finally, two other series of bars 
were tried on the more elaborate scale 
in which analyses and temperatures were 
taken, and the results were recorded in 
Tables No. 3 and 4. It must be noted 
that in these tables the cooling is only of 
a negative character, owing to the bath 
being practically a thin mud bath, and 
also owing to the time of immersion. The 
most effective temperature for maximum 
strength was undoubtedly at or about 
1,300 degrees F. Quenching at the lower 
or higher temperatures much diminished 
the strength. Absolute quenching ap- 
pears to have this effect also. The writer 
does not pretend to do anything more 
than record the facts of these perhaps 
somewhat crude experiments, but 
although they lack completeness, they 
appear to be sufficiently important to 
suggest that there may be sorbitic cast- 
ings as well as sorbitic rails. 

In all these experiments, many of which 
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are not recorded here, the bars that were 
analysed after treatment have never 
shown less than about .4 per cent. com- 
bined carbon, and the reduction in com- 
bined carbon by treatment has varied, 
but has rarely exceeded, .35 per cent. 
The treatment, however, in every case 
did effect a reduction in the combined 
carbon, which is a matter of much in- 
terest. All the bars, however, were not 
analysed. 

Mr. Keep records some experiments he 
made by plunging bars in ice-cold water 


at certain periods after casting, and 
TABLE 1.—Results 
: Distance 
r Mark on | Descrip- . 
i 8 * : betwee 
Date. Test No specimen. tion. pr mt 
in. 
— 1 — Untreated 36 
= 2 — pe 36 
~ 3 — Treated 36 
_ 4 - ao 36 


shows the following changes in combined 
carbon :— 
No. 1 Test— 
14 minutes after casting. 
No. 2 Test— 
9 ” » 9 0.45 
No. 3 Test— 
14 


0.65 Comb. Carbon. 


It is noted that the marked change takes 
place in the percentage of combined 
carbon during the period of third ex- 
pansion. As bearing upon this quench- 
ing question, the writer is enabled, by 
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BRITISH FOUNDRYMEN’S 
ASSOCIATION. 





To the Editor of the Founpry Traps 


JOURNAL. 


Sir,—I shall be glad if you will allow 
me to call the attention of members of 
the British Foundrymen’s Association 


who have received copies of the proceed- 
ings of the last Convention, to an omis- 
sion, made inadvertently, of course. Also 
if any member of the Association has not 
received his copy I should be obliged if 


of Transverse Tests. 











Dimensions. Ultimate . a 
. i e central — Remarke. 
load. 7 
Width. | Depth. 
in. in, 
1 2 28 220 .333 3 Bars. 
1 2 38 1 10 316 | 2, 
1 2 38 0 24 395 - = 
1 2 39 0 24 410 oe 
he will communicate with me. I should 


also be pleased if Mr. Meadowcroft, of 
Leeds, would send me his new address. 
In illustrating Mr. Campion’s paper, 
‘“The Micro-Structure of Pig-iron,’’ men- 
tion should have been made of the fact 
that the first eighteen micro-photographs 
were made by Mr. O. Hudson, A.R.S.M., 
Demonstrator of Metallurgy, Birming- 
ham University, from specimens of pig- 
iron, prepared by him under the super- 
intendence of Professor Turner, who 
known to all a most distinguished 
authority on cast iron. To both of these 


is 


as 


TABLE 2.—Lesults of Transverse Tests. 


— — Untreated 35 
_ Sludge 36 
dipped 
_ — — Vater 36 
dipred 


permission of Mr. P. Munnoch, to show 
a table (No. 5) of experiments on 12 in. 
by 4 in. bars, annealed, air-cooled, and 
quenched, in which there shown an 
almost complete disappearance of com- 
bined carbon, and the results of the 
mechanical tests there shown are also of 
much interest. 


1s 


— —oO— — 


Ir is stated that Messrs. Yarrow have 
decided not to go to Port-Glasgow. 


1 2 23 00 .351 “= 

i 2 31 14 391 — 
| 1 2 26 1 (0 .302 — 
scientists our thanks are due. The re- 


maining fourteen micro-photographs are 
from Mr. J. T. Stead’s classical paper. 
‘‘Tron and Phosphorus,’’ tc be found in 
the ‘‘ Journal of the Iron and Steel Insti- 
tute,’’ Volume 2, year 1900. 

To the gentlemen named we desire to 
acknowledge our indebtedness. Thanking 
you in anticipation, 

I beg to remain, 
Yours very truly, 
F. W. Frxcu, Hon. Sec. 
c 2 
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THE STEEL CASTING INDUSTRY 


OF SHEFFIELD.—IV. 


(Continued from page 497.) 


Tue works from which the products of 
Messrs. Vickers, Sons. & Maxim are sent 
forth are amongst the largest in the 
Splendidly arranged, engineered, 
and conducted, their important work is 


world. 
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electrical, and hydraulic; armour plates, 
forgings, and castings, railway material, 
motor cars, etc. In the design and con- 
struction of a battleship the Company can 
provide all the constructive material and 
armour required, the machinery and every 
type of gun with its mechanism and 
mounting complete. ‘The works are more 
than equal to several of the Government 
establishments, and stand practically 
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carried on with precision, accuracy, and 
despatch. With such a huge and re- 
sponsible undertaking this must be so; 
otherwise all would be chaos. A glance 
at the manufactures of this world-famous 
firm is sufficient to show that complete 
and effective organisation is an absolute 
essential. Given briefly they are :—Ships, 
naval and mercantile; guns, naval, field, 
and coast defence; 


engines, marine, 


alone in being able to meet the demands 


of a nation in the supply of the weapons 
of warfare afloat or on land, with their 
steel-making, gun-building, and armour 
plate works at Sheffield; their shipbuild- 
ing, engineering, and ordnance establish- 
ment at Barrow-in-Furness; and their 
gun factories for quick-firing, field, and 
automatic guns at Erith and elsewhere. 
The business was established in the later 
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years of the eighteenth century by Mr. 
George Naylor—the grandfather of two 
of the present managing directors, Mr. 
T. KE. Vickers and Mr. Albert Vickers, 
and the great-grandfather of the manag- 
ing director, Mr. Douglas Vickers. Mr. 
Naylor took into partnership, in 1829, 
his son-in-law, Mr. Edward Vickers. In 
1856 Mr. Edward Vickers gave up the 
control of the business to his eldest son, 
Mr. T. E. Vickers, who is now the Chair- 
man of the Company, and who was joined 
later by his brother, Mr. Albert Vickers. 


During its long history the Company have 
introduced many improvements in the 
way of machinery; and inventions, irre- 
spective of their source of origin, have 
been carefully investigated and made suit- 
able for the special requirements of the 


Company. This has been done although 
it may have meant discarding plant which 
seemed quite satisfactory. 

The River Don Works were commenced 
in 1863, the heavy business of the firm 
having increased to such an extent that 
the old establishment at Millsands had 
to be abandoned. Shortly afterwards, 
the co-partnership was changed into a 
company, formed under the Limited 


Liability Act, with a capital of £155,000, 
which has since risen to over £5,000,000. 
The area of the Sheffield works has in- 
creased from 20 to over 50 acres; the 
number of workers there from about 1,000 
to over 5,000, and while a 15-ton hammer 
was the largest tool for forge work in the 
earlier days, there are now in use several 
hydraulic presses ranging up to 8,000 tons. 
In 1868 the Company commenced the 
manufacture of marine shafting, and 
in 1872 the first screw propeller was cast 
at the works. In 1882 the first forging 


press was put down, but the most impor- 
tant development was in the laying down 
of plant for the construction of guns and 
armour in the year 1888. The Govern- 
ment, anxious to add to the resources of 
the nation in the matter of gun construc- 
tion, made an inspection of several works 
and offered Messrs. Vickers an order 
valued at £250,000, with the prospect of 
more to follow if gun-making plant were 
laid down. Notwithstanding the immense 
capital involved, the firm entered upon 
this important undertaking, and_ their 
first gun, tried in 1888, gave every satis- 
faction. Since then the Company has pro- 
gressed continually. In 1888, too, the 
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Vickers, Sons & MAXIM, LTp. 





ARMOUR PLATE ROLLING MILL ; 
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Company, after much painstaking pre- 
paration, submitted to the Admiralty a 
trial armour plate. At this period the 
plates in use were of the compound type, 
of wrought iron with steel face. The 
plate submitted by the Company was all 
steel, and gave better results than had 
been hitherto achieved in the Admiralty 
tests Orders for armour for several 
ships followed. Later on the Company 


Fic. 5.—INT 


made the first Harveyised plates in 
Europe, and the result being satisfactory 
they altered their plant to make armour 
hardened by that process. They also 
recognised the advantages of the Krupp 
system, and the works now have a 
capacity for turning out something like 
10,000 tons of this class of armour per 
annum, Then followed the organisation 
of a department for the construction of 
the vessels for the armour and guns, and 
in 1897 the Company purchased the works 
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of the Naval Construction and Arma- 
ments Company, Limited, at Barrow-in- 
Furness, Since 1897 they have more than 
doubled the capacity of the works, and 
have erected immense shops for the con- 
struction and the building up of the 
mountings of all kinds of guns, for the 
making of ail forms of projectiles, and 
for similar work. Figures speak for them- 
selves, and since Messrs. Vickers took 





AND 60-TON OVERHEAD ELECTRIC CRANES; VICKERS, Sons & MAxtm, LTD. 


over the works at Barrow-in-Furness the 
number of men employed there has in- 


creased from 5,260 to 10,300, and the 
wages bill from £7,550 to £17,250 per 
week. The area of the works has been 


increased from 574 acres to 824 acres, and 
the buildings now cover 25 acres, as com- 
pared with 13 acres six years ago. The 
Vickers’ family were amongst the few 
who offered encouragement to Mr. (now 
Sir Hiram) Maxim, when he first came 
to this country, to carry out his experi- 
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ments. It was not, however, until 1897 
that the Company acquired, by amalga- 
mation, the Maxim-Nordenfeldt 
and Ammunition Company, Limited, 
with works at Erith, Birmingham, and 
elsewhere. It was at this time, too, that 
the name of the firm was changed from 
Messrs, Vickers, Sons & Company, to 
Messrs. Vickers, Sons & Maxim, Limited. 

It may be stated that the Company 
occupy a unique position, inasmuch as 
they are able to turn out any ship of war 


Guns 


Construction Works, Barrow-in-Furness, 
for the building of all types of naval and 
merchant ships, with their machinery, 
guns, and gun mountings; Ordnance 
Works, at Erith, for the manufacture of 
quick-firing, Maxim, and machine guns, 
with their mountings, carriages and am- 
munition; North Kent Iron Works, for 
making shot and shell; Crayford Works, 
for making machine guns; Birmingham 
Works, for making cartridge cases; Dart- 
ford Factory, for powder and ammuni- 
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Fic. 6.—SourH GUN SHOP; 


ready for battle without outside aid. 
Their 20,000 workers engaged at their 


most efficient 
appliances at their 
disposal. The great, and certainly the 
national, importance of the Company, 
will be gathered from the following list 
of their establishments, with the work 
they are equipped to carry out :—River 
Don Works, Sheffield, for the manufacture 
of armour, guns and mountings, electrical 
machinery, and all~ kinds of forgings, 
castings, and railway material; Naval 


various factories have the 
of mechanical 





VICKERS, Sons & MAXIM, LTD. 


tion; Heavy Gun Range, at Eskmeals, 
Cumberland, for proofs of all types of 
guns, and mountings, testing armour 
plates, ete.; Automatic and Quick-firing 
Gun Ranges, at Eynsford and Swanley; 
Placencia de las Armas Company, Spain, 
for the manufacture of ordnance: 
Wolseley Tool and Motor Car Works, 


Birmingham, for motor cars and small 


machine tools; and the Electric and 
Ordnance Accessories Works, Birming- 


ham. In. 1902 the Company entered into 
an agreement to acquire one-half of the 
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ordinary shares of Messrs. William Beard- 
more & Company, Timited, who own the 
Parkhead Forge at Glasgow, and a large 
shipbuilding yard at Dalmuir, between 
Dumbarton and Glasgow, and they have 
also large interests in other firms pro- 
ducing material required for their own 
manufactures. 

Spread over the 50 odd acres of land at 
the River Don Works, Sheffield, are miles 
of machine shops, with hundreds of ma- 
chine tools, ranging from the smallest 
machines to immense planers and lathes 
weighing over 100 tons, and costing as 
much as £8,000 each. An idea of the size 
and importance of the works may be 
gathered from the fact that from the 
Midland Railway something like seven 
miles of lines extend through all the de- 
partments, so that the seven locomotives 
within the works may distribute raw 
material and collect finished products for 
despatch. On what is known as the rail- 
way side there is the steel producing 
plant, where crucible as well as open- 
hearth furnaces are in use. There is a 
steel and an iron foundry, forges for the 
heaviest shafts, guns, etc., plant for mak- 
ing all sizes of guns up to 100 tons, rail- 
way tyre mills, and extensive shops for 
the planing of armour plate and _ for 
the machining of guns. On the river 
side, where the more important of later 
extensions have been made, there are a 
number of immense shops, with presses 
up to 8,000 tons for armour and gun 
work; large armour plate rolling mill, a 
building fitted with the appliances for the 
treatment and hardening of armour plate, 
machine shops for gun making, a large 
electric light station, an armour plate 
planing shop, an extensive department 
for the construction of electric dynamos, 
motors, ete., hydraulic presses for the 
forging of projectiles, with all the neces- 
sary furnaces, gas producers, etc. 

Pages would be required in which to 
describe fully the details of the workings 
of this great firm at their Sheffield works. 
There are, of course, well-equipped 
joiners and pattern-makers’ shops, and a 
large space of ground is occupied by 
specially devised tools for the manufac- 
ture of the bolts, nuts, and washers re- 
quired for securing armour plates to the 
framework of a warship. This building 
also contains several ingenious machines 
which grind the edges of the armour 
plates after they have been hardened. 
These tools are contiguous to the erecting 
department, and here a space 70 ft. 
wide and 270 ft. long has been laid with 
4-in. cast-iron blocks to ensure that when 
the plates are assembled and built up to 





represent a complete barbette, in which 
315 tons of armour is used, or a turret 
weighing 230 tons, there will be no chance 
of the ground settling, and no interfering 
with the exactness of the fitting of the 
plates together. In making up the bar- 
bettes, two 40-ton electric overhead 
cranes are used, which quickly carry to 
the desired place plates weighing 20 to 25 
tons. The area of the planing shop for 
armour plates is 440 ft. by 150 ft. wide, 
and here are immense tools for sawing 
plates to the required dimensions, for 
planing their edges and surfaces, and for 
drilling and tapping the holes for the 
bolts. There are 38 planers. Two of 
them are for plates up to 18 ft. long by 
1Z ft. wide; and ten will take plates up 
to 25 ft. long by 10 ft. 6 in. wide. Some 
of these planing machines weigh 90 tons. 
On one side of this large planing shop 
are arranged the furnaces, etc., required 
for the construction of large guns. These 
are used for bringing the component 
parts of the guns to the high temperature 
at which they are dropped into the water 
or oil tanks for hardening and tempering. 
The “Goliath” crane is noticeable here. 
It can lift any weight up to 100 tons, 
and a gun up to 55 ft. in length can be 
lifted with ease out of one hardening 
well and conveyed to another. The build- 
ing which accommodates the steel produc- 
ing plant is some 320 ft. by 380 ft., and 
contains furnaces ranging from 30 to 40 
tons capacity. Each of the furnaces is 
charged and tapped on an average eleven 
times a week, After being melted the 
steel runs out at the other side of the 
furnace into ladles ranging from 50 tons 
capacity. In another range of buildings 
is some massive forging plant, with the 
necessary re-heating furnaces. The steam 
hammers range from 3 up to 8-ton; but 
the principal feature of the forge is a 
40-in. single-ram 3,000-ton hydraulic 
press, used for all purposes. On the river 
side section of the works the most im- 
portant plant is the armour-plate rolling 
mill and hardening furnaces, 8,000-ton 
forging press with all its accessories, 
and immense gun shops. The mill has 
rolls 36 in. in diameter and 12 ft. wide. 
When the ingots arrive at the mill they 
are about 36 in, in thickness in the case 
of the heaviest armour, and 15 in. for 
plates to be finished 6 in. thick. An over- 
head crane of 60-ton power lifts the mass 
of steel from the furnace cars on to the 
electrically-driven rollers, which feed it 
into the mill. At the end of this building 
is a 3,500-ton hydraulic press for bending 
armour plates after they have been rolled 
to the required thickness. 

















In yet another building is an 8,000-ton 
hydraulic forging press, served with its 
work at each end by cranes able to lift 
150 tons. Around the press are seven fur- 
naces for re-heating the ingots and plates. 
Beyond this building are eleven coal-fired 
furnaces, 34 ft. long and 17 ft. wide, for 
carburising armour plates, and in line 
with these furnaces there is a_ steel- 
framed building which contains four still 
larger furnaces, 39 ft. 6 in. in length, 
and 13 ft. wide, also for carburising 
plates. A new hydraulic forging press, 
with a pressure of 8,000 tons, bends the 
plates to any shape by an arrangement 
of moulding blocks placed under or over 
the plate. There are splendid tools in the 
south gun shop. Here, huge masses of 
steel, weighing 70 and 80 tons, are 
worked down with precision to suit gauges 
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set to the 20,000th part of an_ inch. 
Enough has, perhaps, been written to 
show the importance of the vast under- 
taking of Messrs. Vickers, Sons & Maxim. 
It was at the River Don Works that their 
Majesties the King and Queen, upon the'r 
visit to Sheffield in July to open the new 
University, witnessed the rolling of an 
armour plate. 

A crane has been specially designed by 
Messrs. Taylor & Hubbard, of Leicester, 
for two of the largest steel founders in 
the kingdom for picking up castings of 
points and crossings, and transporting 
them to the spot where the “lay-out ” 
is put down on a flat floor. The crane 
has all its motions by steam, lifting, 
lowering, slewing a complete circle, and 
derricking the jib with or without load 
suspended. The main feature, however, 
is that it travels on a flat floor under its 
own steam, and is steered and turned 
in any direction by the driver on plat- 
form much in the same way as a motor 
car is driven. 


—— o—— 


THE FOUNDRY TRADE JOURNAL, 


DRYING OVENS AT THE VULCAN 
FOUNDRY, STETTIN. 


—— ee 


THe drying ovens at the “Vulean” 
Foundry, Stettin, are five in number, 
three being on the ground level and sup- 
porting the other two. The three lower 
ovens serve for drying loam and sand 
moulds, and are 26 ft. long by 9 ft. 10 in. 
high. The width varies a little, the 
middle oven being 13 ft., and the two outer 
ones 12 ft. 9 in. each, so that, the cubical 
capacity is 3,306 cubic feet for the latter 
and 3,390 cubic feet for the middle one. 
Each of the lower ovens contains a single 
rail track; and the doors, which occupy 
the entire front, slide up and down. The 
method of roofing is shown in Fig, 1, 
and consists of a series of H-girders sup- 
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ported by the side walls of the oven, the 
intermediate spaces being filled by arches 
running parallel with the girders. The 
outer walls of all five ovens are made 
hollow (Figs. 1-3), to minimise the loss of 
heat by radiation, and the intermediate 
air spaces are left unpacked. This 
arrangement is found to answer admirably, 
and the somewhat higher first cost is soon 
covered by the saving in fuel. 

All the ovens are heated from below, 
the fireplaces consisting of a stepped 
hearth (Fig. 1), on to which the fuel is 
delivered through a covered feed hopper. 
In the lower oven, the hot gases are led 
through a fire-brick flue, under the oven 
floor, and then pass in the reverse direc- 
tion through a second flue parallel to the 
first (Figs. 1, 2, 4, and 5). At the end 
of this second flue is a grated opening, 
through which the gases enter the oven. 
From the latter they pass away to the 
chimney through a second grated open- 
ing, situated in the opposite corner to the 
fire grate, carrying with them the water 
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vapour from the oven through a third flue, 
also arranged under the floor and roofed 
with cast-iron plates. The draught is re- 
gulated by a damper in the chimney. The 
upper ovens are heated in a similar manner 


(Figs. 1, 3 and 4), but with this difference, 


A 


fungi: i 
































SEcrion E F. 
Fig. 2. 
that the hot gases on leaving the grate 
flow through three parallel flues, discharg- 
ing into the oven through an equal num- 
ber of gratings (Fig. 3). From the oven 
they escape through a grating at the 
further end, and thence pass away through 
another flue into the chimney. The two 
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upper ovens, which are situated close to 
the core-makers’ shop, have the follow- 
ing dimensions:—Height, 81 ft.; length, 
241 ft.; width, 134 ft.; the available floor 
space thus being 330 square feet in each, 
and the cubical capacity 2,670 ft. 
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EXPERIMENTAL DESULPHUR- 
ISATION.* 


By Reainatp MEEKs. 
SULPHUR causes more trouble and injury 
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to iron castings when in excess than any 
other impurity, and yet the percentage 
of sulphur is lower than any of the other 
metalloids. It would seem to be a com- 
paratively easy matter to remove a lurge 
portion of this injurious element, sinve 
it exists in such a small amount, but 
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SEcTIon L M, 
Fic. 6. 
attempts in this direction have met with 
the most stubborn resistance. 


Limestone Proves Useless. 
Some years ago the writer was con- 
~* From “ The Iron Age”. 
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nected with a large car wheel foundry 
and assisted in several attempts ta re 
duce the percentage of sulphur in the 
product. The sulphur in the fuel fre- 
quently ran higher than 1.5 per cent., 
and consequently the castings were ab. 
normally high in this impurity. Our cast- 
ings were no exception to this state of 
affairs, and it was decided to try to 
remedy this evil by the generous use of 


limestone. The cupola was a large one, 
having a 90-in. shell lined to about 
68 in., and the charge consisted of 


425 lbs. of coke to 4,400 Ibs. of iron, in- 
troduced into the cupola in double charges 
of both coke and iron. 

At first 100 lbs. of crushed limestone 
was charged on top of each coke charge, 
but this had no appreciable effect on the 
sulphur in the iron. The stone was 
gradually increased until 400 lbs. were 
being used per charge. The test bars 
previous to the experiment analysed 
0.210 to 0.220 per cent. in sulphur, and 
during the test the analysis showed from 
0.208 to 0.212 per cent., or about 0.005 
per cent. decrease. Even this infinitesimal 
amount of decrease could have been due 
to other causes. 

On the other hand, the effect of the in- 
crease of limestone upon the lining of the 
cupola was disastrous. Al] through the 
trial the flame showed considerable 
cutting, and toward the last the shell 
became red hot over several thin places 
in the lining. The latter was so badly 
eaten that repairs had to be made long 
before the regular time. Limestone as a 
flux and a ccrrective is excellent, but as 
a desulphuriser is of no use, so far as the 
writer’s experience has gone. 


Experiments with Manganese Ore. 

The high sulphur conditions remaining 
in diabolical control, another attempt to 
solve the problem was decided upon. 
From time to time articles have appeared 


mentioning the successful use of man- 
ganese ore in German cupola practice. 


So a earload of ore was brought which 
analysed about 40 per cent. manganese. 
Here was just the thing. Sulphur would 
combine with manganese, forming sul- 
phide of manganese, which would natur- 
ally go off in the slag, according to some 
such reaction as follows :—-MnO, + FeS + 
C=MnS+Fe+CO,. All was clear sailing 
till we tried the ore. Then we found, 
as in the case of limestone, the results 
were of no value, and, moreover, were 
positively injurious. 

As before, we started slowly, adding the 
ore to but ten single or. five double 
charges. The additions were made 
directly on the coke, and while the ex- 


periment was on no limestone was added. 

Test bar No. 7 was taken during the 
trial, while bars 2 to 6, inclusive, and 8 
to 10, inclusive, represent the heat before 
and after the test. Borings from Nos. 2 
to 6 and 8 to 11 were mixed and analysed, 
and also those from No. 7, with the fol- 
lowing results :— 


Bars 2 to6 


and 8 to 11. Bar 7. 


Elements. Percent. Percent. 
Silicon ... san on om -. 0.63 61 
Manganese ... ae ae «. 0.50 0.43 
Combined carbon ... -. 0,83 0.99 
Graphitic carbon ... . 2.85 2.65 
Phosphorus ... id me 0.357 0.362 
Sulphur ue je ; 0.216 0.217 


It will be observed that No. 7 shows 
several interesting observations—namely, 
there was a decided loss in manganese, 
the silicon remained practically un- 
changed, combined carbon increased 0.16 
per cent., graphitic carbon decreased 0.20 
per cent., the total carbon was practically 
unchanged, phosphorus showed no change, 
sulphur showed no change. 

The slag was analysed for sulphur, 
samples being taken at three parts of the 
heat. Before the ore was used sulphur 
showed 0.320 per cent.; while the ore was 
used sulphur showed 0.200 per cent. ; after 
the ore was used sulphur showed 0.290 
per cent. 

Although the manganese in the iron 
was lower during the experiment than at 
other times, still it carried no sulphur 
with it, as is shown by the analysis of 
the slag. The colour of the latter became 
very dark during the additions, due to 
high basicity, but lighter after the ore 
was stopped. However, the value of this 
material could not be determined by such 
a limited trial, so it was decided to con- 
duct the experiment on a larger scale a 
few days later. 

To make clear that which comes here- 
after, it should be explained that a tap 
consisted of enough iron to pour 12 to 18 
wheels, and each tap was lettered A, B, 
C, ete., down to Z, after which double 
letters were used. Also it should be 
understood that car wheels are measured 
on the circumference, about half way 
between the rim and the base of the 
flange. 

A wheel, whose diameter is exactly 
33 in., is called a “tape 3,” and for each 
1 in. more or less the size becomes tape 4 
or tape 2, etc. A tape 1 wheel, therefore, 
has a circumference } in. smaller than 
a tape 3, and a tape 6 is in. larger. 

The experiment was carried on with care 
and under. uniform conditions, the details 
of which follow :- 

The ore was added for 30 single charges, 
beginning with the coke charge preceding 
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the twentieth iron charge. Directly on 
the coke were charged 100 lbs. of ore 
and 200 Ibs. of limestone. Then came the 
iron charge, then coke, ete. The latter 
consisted of 925 lbs. of a (double 
charge) mixture, and on the eighteenth, 
twenty-sixth, thirtieth, thirty-eighth 
and = forty-sixth charges 110 Ibs. 
extra of coke were used. As soon 
as the ore had descended to the melting 
zone, its presence began to be felt. Test 
pieces, or chilled blocks, showed a higher 
chill than normal, and at tap K_ the 
chill was so high that aaaitions of 10 per 
cent. ferro-silicon had to be made to the 
iron in the reservoir ladle at each tap 
throughout the remainder of the heat. 
The amounts were as follows :—K and L, 
30 Ibs.; N, 40 Ibs.; O, 40 Ibs.; P, 30 lbs. ; 
Q, 45 lbs.; R, 40 Ibs.; S, 50 lbs.; T and 
U, 45 lbs.; V, 40 Ibs.; W and X, 45 lbs.; 
Y, 50 lbs.; Z, 35 Ibs.; AA, 40 Ibs. 

In all, 530 lbs. of ferro-silicon were used 
in the reservoir ladle, and from 2 to 4 lbs. 
of 80 per cent. ferro-manganese extra were 
used on each charge as it went into the 
cupola during the experiment. Test bars 
Nos. 5 to 9, inclusive, were taken while 
the manganese ore was being charged. 
Bars Nos. 2 to 4 represent the period 
before, and Nos. 10 and 11 after, the addi- 
tions. Analyses were made from a mix- 
ture of bars Nos. 2 to 4 and 10 and 11, 
each inclusive, bars 5 to 9 and a mixture 
of bars 2 to 11, inclusive. The record of 
these analyses is shown below : 


Bars 2to4and Bars Bars 
WOandll. 5tod9. 2to ll. Slag. 
Elements. Percent. Percent Per cent. Per cent 
Silicon .63 0.55 0.60 _ 
Manganese’ 0.55 0.62 0.57 — 
Combined 
carbon 0.76 0.83 0.80 _ 
Graphite 
carbon 2.86 2.79 2.66-2.70 
Phosphorus 0.347 0.356 0.352 - 
Sulphur 0.226 0.206 0.220 0.320 
It will be seen that. bars Nos. 5 to 9 


showed a loss of 0.08 per cent. of silicon, 
notwithstanding the continued additions 
of 10 per cent. ferro-silicon. Hence, the 
oxidation must have been very great. The 
manganese, however, was higher by 0.07 
per cent., due to the addition of from 2 
to 4 lbs. of 80 per cent. ferro-manganese 
on these charges. An equal exchange of 
combined or graphitic carbon took place, 
which was to be expected when the loss 
of silicon is remembered. Phosphorus re- 
mained practically unchanged, since the 
average of the first and second column 
equalled the phosphorus in the entire 
mixture. 

Sulphur was decreased 0.02 per cent., 
«hich is practically nil so far as desul- 
phurisation is concerned, and might have 


been caused by a better quality of coke, 
scrap, or old wheels, etc., during that 
part of the heat. 

The wheels from taps V to Z, inclusive, 
were under weight, and there were 13 
tape 1 wheels, and the balance from these 
taps were tape 2. The wheels poured 
from the taps preceding and following 
experiment taped 3 and 4. 

The breaking strength varied from 10 


to 22 blows at 12 ft. with the 140-lb. 
weight. One wheel only broke at five 
blows. Twenty-four wheels were scrapped 


from taps V, W, X, and Y, mostly on 
account of chill depth. In some cases the 
chill measured 17-16 in., and_ the 
minimum was 15-16 in. 

The condition of the cupola was very 
bad after the test. The lining was much 
eaten and scaffolded and was very diffi- 
cult to pick out the next morning. Of 
limestone 1,850 lbs. were used. The blast 
pressure used varied from 14} ozs. to 
153 ozs. After this trial all attempts to 
remove sulphur were abandoned. 


Positive Methods to Obtain Low 
Sulphur. 

The writer believes that there are only 
two positive methods to obtain low sul- 
phur in iron castings—namely :—1. Use 
low sulphur’ materials throughout. 
2. Use ferro-manganese in the ladles or 
in the cupola. That sulphur will combine 
with manganese when the latter is in the 
form of ferro-manganese and go off in the 
slag has been conclusively demonstrated 
many times. 

It may prove of interest to give a few 
figures taken from the record of one 
heat :—Sulphur had been about 0.220 per 
cent, in the bars for a considerable period, 
as was stated above. On one occasion 
oxidation occurred to a very dangerous 
degree, the test chill blocks showing clear 
white throughout. Ferro-manganese was 
thrown into the reservoir ladle in great 
quantities There was a large loss of 
wheels, but the sulphur was certainly re- 
moved, as is shown by the following 
analyses of a bar from tap U and two 
wheels, one from tap S and the other from 
tap V. Of course, the manganese is en- 
tirely too high, but it was necessary to 
work fast in order to save the heat. The 
manganese and sulphur in both wheels 


and bar are shown. The result was as 
follows :— 

Manga- Sul- 

nese. phur. 

-Blowto— Chill. Per Per 

Tap. Tape. crack.break. Inch. cent. cent. 

Wheel S 1 6 17 -16 1,13 167 
Tread broken 

Wheel V_i14 Plate not 2-16 142 115 
broken 

Bar ... U = 1.621 18 
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The manganese in the bars ran from 
0.50 to 0.55 per cent., and the sulphur 
from 0.220 to 0.230 per cent.; hence, it 
will be seen that the sulphur was reduced 
from 0.220 to 0.115 per cent. by the ad- 
dition of from 0.65 to 0.70 per cent. of 
manganese, or nearly 50 per cent. was 


eliminated. However, this was an extra- 
ordinary case, and might never occur 
again. 


In conclusion, the writer would like to 
suggest the publication of data relative 
to this very important subject, even if the 
experiments, like the above, should have 
a negative value. 
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HIGH AND LOW BLAST PRES- 
SURES IN THE CUPOLA.* 


By Witiiam H. Coiteman, 


Among the traditions handed down 
to us in foundry work, the high pressures 
deemed so essential years ago by reason 
of the small tuyere area and low cupolas 
are still adhered to by many who think 
the air must be discharged into the cupola 
with great force. Tuyere area has been 
increased from time to time, yet it is 
still believed by many of our older 
foundrymen that nothing but high pres- 
sure through small tuyéres will carry the 
air to the bed of fuel. However, the 
excessive pressures advocated by some as 
a means of getting increased capacities 
in cupolas are not employed by modern 
foundrymen. From a cupola _builder’s 
circular is taken the following table, giv- 
ing the highest maximum pressures 
usually obtainable, together with capaci- 
ties : 


Table TI. 
Diameter 
inside Tons Pressure 
lining. melted per in 
Inches. hour. ounces. 
18 - sto 4 8 
23 oe 10 
27 . oe 10 
32 S oo 12 
37 . « @ 12 
42 ae 12 
45 es 14 
48 9 ,, 10 4 
54 10 ,, 12 14 
om 16 
66 ~ a wae 16 
72 i | 16 
78 1 «4, 2 16 
“4 ,f me oe 
Very few modern foundrymen, even 


among users of positive blowers, care to 
utilise such high pressures for several 
reasons. 1, They find they can get their 
required capacities at the lower blast 
pressures; 2, the cupola lining will last 





* Abstract of a paper read before the Philadelphia 
Foundrymen’s Association, November 1, 1005. 


longer under lower pressures; 3, oxidation 
of the silicon and manganese is greater 
under the high pressures, and this is only 
compensated by paying more for high 
silicon grades; 4, the resultant castings 
are smoother and easier to machine when 
made under the lower pressures; 5, there 
is less liability to slag under the lower 
pressures ; 6, greater strength in castings 
is obtained in melting by the lower pres- 
sures; 7, the horse-power required per 
ton melted is less at low pressures than 
at high pressures. 


A Large Melter Favours Low Blast 
Pressure. 

Among the foundrymen who, under the 
direction of their chemists, have been re- 
ducing their pressures from time to time, 
it is significant that a company in Chicago 
operating the largest number of cupolas, 
as well as the largest in size, is the firmest 
believer in low blast pressures. It is now 
installing two cupolas of 84 in. inside 
diameter and a centrifugal fan blower 
to give 24,000 cubic feet of air per minute 
at 10 to 12-0z. pressure in the wind box 
of the cupola. The great fluidity of the 
iron, the quality of the castings produced, 
together with the capacities and low 
horse-power per ton of iron melted, cer- 
tainly seem to prove the claims for low 
blast pressure. The large tuyere area, 
together with the ample area of blast sup- 
ply pipe, is an important and valuable 
feature of this installation. 

Many foundrymen have found it de- 
sirable to increase tuyere areas all the 
way up to 25 per cent. of the area of 
the cross section of the cupola. In con- 
nection with low pressures a_ liberal 
volume of air is equally important. Many 
foundrymen are using blowers whose 
ordinary capacity is far below the re- 
quired volume; therefore, they are com- 
pelled to speed up their blowers in order 
to get the necessary volume and thereby 
get incidentally higher pressures than are 
essential, with poor results in product 
and rapid destruction of cupola lining. 
Even with limited cupola capacity the 
lass in melting capacity at the cunola 
with low pressures is more than made up 
in the machine shop. Low pressures pro- 
duce a soft casting easy to machine, since 
there is less loss of silicon and manganese 
by oxidation. For the same reason higher 
strength is obtained under low pressures. 
as has been proved by tests. 


Volume a Function of Size and Melting 
Ratio. 
It has been found that the volume of 
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air required to melt a ton of metal per 
hour depends upon the size of cupola and 
the ratio of coke to metal used in melt- 
ing. In a cupola air is blown over the 
melted metal, not through it. The oxida- 
tion of carbon is slight and imcidental, 
not fundamental and complete, as in a 
converter when air is blown through the 
metal. The following volumes are approxi- 
mately correct for air required per ton 
melted per hour : 

6 lbs. iron to 1 lb. coke, 83,000 cubic feet air per 
ton per hour. 

7 lbs iron to 11b. coke, 31,009 cubic feet air per 
ton per hour. ‘ ’ 

8 lbs. iron to 1 lb. coke, 29,000 cubic feet air per 
ton per hou. _ 

9 lbs. iron to 1 lb. coke, 27,000 cubic feet air per 
ton per hour. : A M 

10 lbs. iron to 1 lb. coke, 25,0:0 cubic feet air per 
ton per hour. 

To get a greater volume at the same 
pressure requires a larger size pipe. It is 
therefore apparent that increased tuyere 
area and properly proportioned supply pipe 
and ample area in the wind box are de- 
sirable for low pressures. Inversely, when 
the former are too small higher pressures 
are required to obtain the volume neces- 
sary. Now, having a cupola of sufficient 
capacity with a total tuyere area equal 


Table I1T,—Results of Tests with Low 


Inside 
diam, Time. Capacity. Melting 
Test. In Hours. Tons. ratio Blower. 
6 42 i 10 6 tol Fan. 
il 45 1; 12 10.8 to 1 Fan. 
12 60 2 14 5.6 to 1 Fan. 
15 48 1} 9 8 tol Fan, 
23 48 1k 7 7 tol Fan. 
24 60 li 13 7 tol P.B. 
46 40 14 6k 7 tol P.B. 
49 72 2 22% 8.9 to 1 P.B. 
to 20 per cent. of the circumferential 
area measured inside, and with the 


blower delivering the required volume 
through a pipe whose area is not less than 
one-third of the combined tuyere area 
and a proportional area of wind belt, we 
can get ideal conditions for using low 
pressures, particularly if the tuyeres are 
properly placed for the product desired. 
We would then have the melting capacity 
shown below : 
Table TT, 


Inside 

cupola Capacity Pressure 

diameter. per hour. in 

Inches. Tons. ounces. 
18 jo — Sa ito 7 
23 sah a Se ee. 
30 ae a ae Sw.o 
35 So & 7 ow = 
37 - aoe 7 «we 
42 eo « © 7 we 
45 - o- 2 8 ,, 10 
48 oe «ae 
54 Deg: ae 9 ,, 10 
60 10 ,, 12 10 ,, 12 
66 12 ,, 15 |e 
72 16 ,, 18 10 ,, 12 
78 19 ,, 2 12 ,, 4 
84 21 ,, 24 12 ,, 4 


From a number of cards showing low 
pressures and representing the practice 
of some of our best foundrymen the 
figures in Table III. are taken, represent- 
ing different classes of work, and both 
fans and pressure blowers. 

Running a blower, particularly of the 
centrifugal fan type, beyond its volume 
capacity and thereby producing excessive 
pressure by reason of too small a blower 
and decreased tuyere area, I consider the 
most grievous fault in cupola practice. 


——— , - 


THE WADSWORTH IMPROVED 
CORE MACHINE. 


One feature of the Wadsworth improved 
core machine is that it can successfully 
produce large standard cores. Machines 
of the same type havé been put on the 
market, but have never been successful 
in producing cores of a greater diameter 
than 2} in., whereas in the Wadsworth 
improved core machine any size of core 
up to 7 in. diameter can be successfully 
produced. The standard size of machine 


Blast Pressures in Foundry Cupolas. 


Average 
h.-p. Scrap. 
Pressure. per ton Per 
Ozs per hour. cent. Castings. 

74 to 10 2.25 0 Small soft. 

64 1.70 50 Medium soft. 

9 4.21 50 Heavy engine. 
12 3.66 50 Light stove. 
ll 2.5 50 Light stove. 

8 toll 4.86 20 Light stove. 

8 to13 — 30 Medium soft. 

4 to 6 3.41 _ Sewing mach. 


comprises a set of dies, and conveyo! 
screws for round cores, varying in 
diameter by eights from 2 to 2} in., 


and above these sizes any size dies and 
conveyor screws can be applied suitable 
for cores up to 7 in. in diameter, square, 
oblong, and hexagonal. Also “T”’ shape 
cores used in the tables of milling and 
planing machines and similar tools. Cores 
of this type have been successfull made 
in lengths up to 2 ft. and upwards, and 
although it is not recommended to use the 
machine commercially ‘for making cores 
over 4 ft. in length, yet cores of 7 in. 
diameter have been made 6 ft. long, and 
cores 6 in. in diameter as long as 
10 ft. 6 in. 

The machine turns out one core of any 
size between 2 in. and 2} in., 40 in. and 
upwards in length, every minute, after 
having made due allowance for change of 
plates, etc. All cores made on_ this 
machine are one piece cores. 

The following is a record of cores made 
on a Wadsworth improved core machine, 
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of 39, Victoria Street, S.W., who are the 
sales agents, inform us that machines of 
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running 300 revolutions per minute. The 
output depends upon the speed the 

machine is run. The screw of the 


machine makes three turns to one of the 
hand wheel or pulley on all sizes up to 
2} in.; all above, one revolution of screw 
to one revolution of pulley. 


Core. Core, 
Feet In. Feet. In. 
20... — 4... aa Be 
0... Be 576... 2 we 
 -_- « 2 600... oe J 
238 (.. a 550... i 
a 520 : 
360... oo 468 q 
ic. ion a 240 t 
432 rj 216 z 


Not only for rapidity of production does 
the Wadsworth core machine rank high, 
but it makes a cored hole equal toa bored 
one. The core can be cleaned out with 


this make are now in successful use in 
many of the most up-to-date foundries 
in the United Kingdom. 


—_——_ 
TRADE TALK. 
Vickers, Sons & Maxim, LimiteD, are 


adding a tube-making plant to their Naval 
Construction Works, at Barrow. 


The Witsons anp Union Tune Com 
PANY, Limitep, have re-started their 
Govan Works. 

r » J ’ 

[Tne ENGINEERING STANDARDS Com- 


MITTEE have issued their report on stan- 
dard locomotives for Indian railways. 
Bruce, Peesres & Company, Limitep, 





Fic. 2.—WADSWORTH IMPROVED CONING ATTACHMENT, COMPLETE WITH TWo EMERY 
WHEELS AND WITH Two REsTs SO AS TO ALLOW BotTH ENDS OF CORE TO BE CONED, 
ONE LONG AND ONE SHORT END, WITHOUT CHANGING RESTS. 


a lead pencil. No core boxes are required, 
or ramming of sand by hand, and no 
paste is used, thereby saving flout and 
time. There is a saving in oven space, 
as the cores are one piece, and less 
breakage, as they are stronger. It is also 
claimed that a core made by this process 
does not swell as is the case with cores 
made by the old method. 

Upon a basis of an expenditure of 4d. 
for wages, and a production from 200 to 
600 ft. of vore per hour, the Wadsworth 
machine will make from 40 to 120 ft. of 
finished core for 1d. 

The great secret of using ove of these 
machines successfully is to give particuiar 
attention to the correct grade of sand 
suitable for the purpose. 

Messrs. J. W. Jackman & Company, 


have removed their London establishment 
to 1, London Wall Buildings, E.C. 
Mr. G. A. 


Goopwin, consulting en- 


gineer, has removed from 28, Victoria 
Street, London, S.W., to 25, Victoria 


Street, S.W. 

Tue business of Messrs. A. Edmeston & 
Sons has been removed to the Springfield 
Engineering Works, Patricroft, Man- 
chester. 

Messrs. J. R. Reepman, P. J. Tye, and 
R. Worry, engineers, Acre Lane, Can 
ning Town, E., have dissolved partner- 
ship so far as regards Mr. R. Worley. 

M. Cocxnpurn & Company, Limirep, has 
acquired the business of M. Cockburn & 
Company, ironfounders, of the Gowan- 
bank [ron Works, Falkirk. 
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Messrs. Wricut, Butter & Company, 
of Cwmavon, are extending their works. 

Art the works in North Staffordshire of 
the Knutton Iron Company, extensive de- 
velopments are in progress. 

Tue UNDERFEED StToKeR Company, 
Limitep, have established a branch at 
Baltic Chambers, 50, Wellington Street, 
Glasgow. 

A RECEIVING order has been made in 
connection with the affairs of F. Wood- 
ward & Company, engineers, Clerkenwell, 
London, E.C. 

Hammon & Smiru, Limitep, has: been 
registered with a capital of £2,000 in £1 
shares, to carry on the business of en- 
gineers, etc. 

F. E. Baker, Limirep, has been regis- 
tered with a capital of £2,000 in £1 
shares, to carry on the business of iron- 
founders, ete. 

THe British Unitrep ENGINEERING 
Company, Limitep, of 175, Piccadilly, 
W., has been formed with a capital of 
£10,000 in £1 shares. 

THe PHanrx ENGINEERING 
Limitep, has been registered 
capital of £4,000 in £1 
offices at Chard, Somerset. 

THe RELIANCE Brass AND [Ron FounpryY 
Company Limitep, of Newton Chambers, 
43, Cannon Street, Birminglam, has been 
formed with a capital of £500. 

Mr. G. C. Vrs, of the General Electric 
Company’s Works, at Salford, has estab- 
lished himself in business as a consulting 
engineer, at 14, Ridgefield, Manchester. 

Messrs. W. Scuwarz and H. R. 
Couper, mechanical engineers, etc., Liver- 
pool, trading under the style of Couper, 
Schwarz & Company, have dissolved 
partnership. 

Tue business of the Ryknield Engine 
Company. Limited, of Burton-on-Trent, 
will be taken over by a new company, 
probably to be known as the Ryknield 
Motor Company. 

Tue works of J. & S. Roberts, iron- 
founders, of Swan Village, West Brom- 
wich, are not to be immediately closed, 
but will be carried on for the time being 
by the receiver appointed. 

Tue Monn Power Gas Company have 
connected up to the works of Bayliss, 
Jones & Bayliss, who have recently ex 
tended their structural iron and steel de 
partment. 

Mr. B.S. Gries has been appointed by 
Mather & Platt, Limited, as chief repre- 
sentative for London and the South of 


Company, 
with a 
shares, with 


England of their electrical and hydraulic 
departments. 

Mr. G. F. Wueerer has given up his 
position in the engineers’ office of Cam- 
mell Laird & Company, Limited, Shef- 
field, and has started in business as a 
consulting engineer. 

Messrs. C. W. E. Marsu, R. Lay- 
BOURNE, and A. H. Laysourne, of the 
Isca Foundry, Newport, Monmouthshire, 
have dissolved partnership, so far as re- 
gards Mr. C, W. E. Marsh. 

Mr. R. TownseEnp, engineer, Victoria 
Works, Sorby Street, Sheffield, has been 
adjudged bankrupt, with liabilities to the 
amount of £1,465 9s. 5d., and an esti- 
mated surplus of £986 7s. 2d. 

THe Batra  Enerneertinc Company, 
LimiteD, has taken over the businesses 
carried on at Bath by M. L. Sykes as the 
Wiltshire Engineering Company, and by 
K. C. Matthews, under his own name. 

A LECTURE was delivered recently 
before the Leeds Association of Engineers, 
by Mr. R. Buchanan (the President of 
the British Foundrymen’s Asseciation), on 
“The Melting and Cooling of Cast Iron.” 

Tue Dirset Encine Company, Limitep, 
have entered into agreements’ with 
Messrs. Willans & Robinson, the well- 
known engine builders, of Rugby, to pro- 
duce engines for the company on favour- 
able terms. 

Bittincton & Newton, Limitep, has 
been formed with a capital of £80,000 in 
£1 shares, to carry on the business of 
metal workers, ironfounders, etc., at the 
Vulcan Metal Works, Longport, Stafford- 
shire. 

J. B. Epitrneton & Company, Limirtep, 
is the name of a company formed to carry 
on the business of engineers, etc., at the 
Phenix Iron Works, Lea Road, Gains- 
borough, Lincolnshire. The capital is 
£17,000. 

Messrs. Waiter Somers & Sons, of 
Haywood Forge, Halesowen, Worcester- 
shire, have erected a forging press weigh- 
ing nearly 400 tons and capable of exert- 
ing a pressure of 3,000 tons, at their 
works. 

Messrs. Gerpzen & Lanos, o. 72a, St. 
Thomas Street, London, 8S.E., have been 
appointed sole representatives in Great 
Britain for M. F. Henrion, of Nancy, for 
the sale of his dynamo and motor carbon 
brushes, ete 

A rumovr has gained currency that the 
shareholders of the Ebbw Vale Steel, Iron 
and Coal Company, Limited, and Guest, 
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Keen & Nettlefolds, Limited, are being 
approached with a view to amalgamating 
the two concerns. 

Tue shareholders of Messrs. Graham, 
Morton & Company, Limited, have de- 
cided that the company cannot, by reason 
ot its liabilities, continue its business, 
and that the company accordingly be 
wound up voluntarily. 

At a meeting of the creditors of Messrs. 
John Beatson & Son, at Derby, recently, 
it was resolved that the meeting be ad- 
journed until January 17, to enable pend- 
ing negotiations for the sale of the 
debtors’ business to proceed. 

Tue Stranparp Gas Engine Company, 
Limited, has been formed with a capital 
of £10,000, in £1 shares, to acquire the 
business of the Standard Oil Engine Com- 
pany, Preston, Lancs. The registered 
office is at 9, Chapel Street, Preston. 

Joun Brown & Company, Limite, have 
just completed the first of four large tur- 
bine drums for the Cunarder which 
they are building at Clydebank. The 
forging weighs 15 tons, and is approxi- 
mately 12 ft. in diameter and 8 ft. long. 

Mr. G. Wuerueicu, of Oswaldestre 
House, Norfolk Street, Strand, W.C., 
has been appointed manager for Great 
Britain and the Colonies and London 
resident engineer, for the Maschinen- 
fabrik Oerlikon, of Oerlikon, Switzerland. 

At Aberdare Bankruptcy Court, re- 
cently, Richard Lewis, ironfounder, Aber- 
dare, appeared for his public examination. 
Debtor stated that — his liabilities 
amounted to £3,000, and his assets to 
£1,157. The examination was adjourned. 

Tue British THomson-Hovuston Com- 
PANY, Limirep, is associated with the 
Allgemeine Elektricitats Gesellschaft in 
the latter company’s tender to the Lon- 
don, Brighton and South Coast Railway 


for the electrification of certain of its 
lines. 
Tue Lancasnire Heatine - Company, 


Limitep, of Walsall, has acquired the 
business of heating engineers, carried on 
by the Lance ashire Heating Company, at 
Birmingham, and the business of the 

Sackville Engineering Company, at Man- 
chester: 

Tue Hotwe wt Iron Company, Limitep, 
of Asfordby, Melton Mowbray, has re- 
ceived the contract for cast-iron pipes, 
cylinders for pump well, and fittings, in 
connection with the Etton Extension 
Corporation Waterworks for the city of 
Peterborough. 


At the Brightside 


Foundry and En- 


gineering 
Sheffield, 


Works, 

ingot 
mould casting, for a gun forging, has been 
completed to the order of Messrs. Cam- 


Company's Newhall 
an exceptionally large 


mell Laird & Company, Limited. The 
weight of the metal was 84 tons, and the 
dimensions of the casting were 15 ft. by 
8 ft. 6 in. 

CoNSIDERABLE improvements are being 
carried out at the Old Park Works, Wed- 
nesbury, of the Patent Shaft and Axle- 
tree Company, Limited. A new smiths’ 
shop, 200 ft. by 50 ft. in one span, and 
new pattern shops and stores (250 ft. by 
60 ft.) are nearly completed. The old 
foundry has been enlarged to 250 ft. by 
60 ft. in two spans. 

THomas SumMerRsoN & Company, 
Limitep, have acquired the York Street 
Works at Darlington, formerly occupied 
by the Darlington Wagon and Engineer- 
ing Company, Limited. The Alliance 
Works, which belonged to the same com- 
pany, have, we understand, been  pur- 
chased from the debenture holders by the 
Blake Boiler, Wagon, and Engineering 
Company, Limited. 

Ep. Bennts & Company, Limitep, of 
Little Hulton, Bolton, are supplying 
Clarke, Chapman & Company, Limited, 
Gateshead-on- Tyne, with one set of 
“Bennis & Miller-Bennett”’ chain grates, 
and the Patent Shaft and Axletree Com- 

pany, Limited, Wednesbury, Staffs., with 
6 stokers and compressed air furnaces, 
with complete coal and ash-handling 
plant, for their various works at Wednes- 
bury. 

Ar West Bromwich, recently, 
of Messrs. H. P. F. F. Bertrand, J. H. 
Bertrand, and L. V. Bertrand, who 
formerly carried on business as brass and 
ironfounders under the style of P. H. 
Bertrand & Sons, at the George Street 
Works, West Bromwich, was resumed. J. 
H. Bertrand having left the country, his 


the case 


public examination was adjourned sine 
die, and a warrant was issued for his 
arrest. 

Tue highest award for mechanical 
stokers, consisting of the only silver 
medal, has been awarded to Ed. Bennis 
& Company, Limited, Little Hulton, 
Bolton, by the Smoke Abatement Society, 


for their mechanical stoker and self- clean 
ing compressed air furnace exhibited at 
the recent exhibition. Messrs. Bennis 
also obtained a bronze medal for their 
new chain grate (Bennis-Miller-Bennett 
patent). 

Epwarp G. Hersert, Limitep, of Man- 
chester, have in hand for the Admiralty 
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Contractors to .M. Government. 





Woden © —o fn 


JAMES EVANS & CO., excinzers, 


BRITANNIA WORKS, MANCHESTER. 


Telegrams: 
** LADLES, MANCHESTER.” 











38 THE FOUNDRY TRADE JOURNAL. 


three full-automatic circular sawing 
machines for cutting brass and copper 
bars and tubes up to 3 in. diameter. 
These machines feed the bar forward and 
make successive cuts automatically. 
Other orders from the Admiralty include 
a “Git” sawing machine for gun-metal 
castings, and two No. 3 eccentric sawing 
machines for cutting steel bars, etc., up 
to 20 in. by 12 in. 

THe recent interchange of shares 
between Messrs. Cammell, Laird & Com- 
pany, of Sheffield, and the Fairfield Ship- 
building and Engineering Company, of 
Govan, whereby Messrs. Cammell, Laird 
secured a large interest in the Fairfield 
Company, and the latter acquired an in- 
terest in Messrs. Cammell’s Ordnance 
Works at Coventry, has now been fol- 
lowed by an interchange of directors 
of the two concerns. Mr. J. MacGregor 
Laird, the chairman of Cammell, Laird & 
Company, and Mr. R. R. Bevis, a director 
of the Sheffield company, have been ap- 
pointed to the board of the Fairfield 
company, while two Fairfield directors, 
Messrs. A. Gracie and W. M. Rhodes, 
have been elected directors of Cammell, 
Laird & Company. 


——_o—— 


PERSONAL. 


Mr. T. W. Warp, of Thos. W. Ward, 
Limited, the Albion Works, Sheffield, has 
recently returned from a visit to South 
Africa. 

Tue late Mr. G. J. Cole, of Earle’s 
Shipbuilding and Engineering Company, 
Limited, left estate of the gross value of 
£4,220. 

Tue gross value of the estate left by 
the late Mr. James Scarlett, of the firm 
of E. Green & Sons, Limited, amounted 
to £61,749. 

Srr Wiii1am Marner recently 


pre- 


sented certificates to the successful 
students at the Crystal Palace School of 
Engineering. 

Me. 8S. Martin, of the Cardiff-Dowlais 
Works, has been appointed general 
manager of the Yorkshire Iron and Steel 
Company, Penistone. 

THe late Mr. T. Bradford, head of 
Messrs. Bradford & Company, Crescent 
Iron Works, Manchester, left estate of 
the gross value of £39,110. 

Tue late Mr. A. Macdougal, of George 
Christie, Limited, brass and copper wire 
drawers and weavers, of Govan, has left 
personal estate of the value of £32,877. 

Mr. J. Cowan has resigned the manag- 
ing directorship of the Stirling Boiler 
Company, Limited, who have appointed 
Mr. E. G. Constantine, of Manchester, 
to be managing director. Mr. Cowan still 
retains his interest in the company, and 
will continue to be the chairman. 

Mr. G. Fraser, who established the 
Nova Scotia Steel and Forge Company 
and the Nova Scotia Steel and Coal Com- 
pany, and later became general manager 
of the Dominion Iron and Steel Company, 
has retired. Mr. F. P. Jones has been 
appointed to succeed Mr. Fraser as 
general manager of the Dominion Com- 
pany. 

Tue customary list of honours in con- 
nection with the resignation of the late 
Prime Minister includes the names of two 
well-known gentlemen connected with the 
iron trade, viz., Sir Henry Meysey- 
Thompson, Bart., M.P., and Mr. J. S. 
Randles, M.P. Sir Henry Meysey- 
Thompson, who has been created a baron, 
is a director of the Barrow Hematite 
Steel Company, while Mr. J. S. Randles, 
M.P., one of the new knights, is the 
chairman of the Moss Bay Hematite Iron 
and Stee] Company, Limited, and was 
President of the British Iron Trade Asso- 
ciation in 1903-4. 





Ganister, Cupola Blocks, Fire Bricks, 


Fire Clay. 


Silica Bricks, Tuyeres, Stoppers, Nozzles, &c. 
Steel Moulders’ Composition, Silica Cement. 





Telegrams: “LOWOOD, DEEPCAR.” 





J. GRAYSON LOWOOD & Co., Ltd., 
DEEPCAR, nr. SHEFFIELD. 
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> Admiralty Dockyards. 


The following, selected from numerous letters, are eminent 
testimony as to the quality of our celebrated “A.A.A.” Coppee 
Foundry Coke, carefully selected, and despatched in sheeted 
wagons. 

From PECKETT & SONS, Bristol. 
Bristol, October asth, 1904. 

We have been using your Selected Foundry Coke for some considerable time. 

We have pleasure in stating that we are very pleased with it, as we find we get sounder and 
cleaner castings, more free from blow-holes and other defects, than we formerly did. 





From MOUNTFORT PHILLIPS & Co, Liantrissant. 
Liantri:sant, October asth, 1904. 
In reference to the Foundry Coke you have been supplying us with for the last six months, we 


have very great pleasure in letting you know that it has given every satisfaction, and that our Works 
Manager and Workmen give it the highest praise. 


Elders Navigation Collieries,.».Cardiff. 

















LISTS ' HAVE YOU A GOOD LIST OF FOUNDRIES, IRON, 
° STEEL, ENGINEERING WORKS AND COLLIERIES? 








This publication is compiled by Specialists, 


and the field it occupies is peculiarly its own. 


ITS CLAIM IS ACCURACY. 


RYLAND’S DIRECTORY fiasicr’ss 2 contarg in the trades t9 which 


it appeals. 








Its staff is largely composed of Engineers who have either served their 
time in the shops, or are technically educated. This expert sifting means a 
great monetary saving to those requiring a directory. 


Ii you are desirous of pushing your business in the Colliery, Iron, Steel; 
Tinplate and Engineering Trades, either as Producer, Manufacturer, Merchant, 
Agent, Traveller, etc., it wouid prove most valuable to you. 


NINTH EDITION, 1906, ei ; SUBSCRIPTION ORDER FORM. q 
TO BE PUBLISHED > Enclosed please find..... satel value 25/- for - 
| the 1906 issue of Ryland’s Directory. x 

SHORTLY. sf SERS UN prer no are tee o 
Price (Prepaid) 25/- Nett. Bs err rt ee ee asia g 
CLOTH BOUND. tice a ar eeommenimneonrarmeme se 3 








Pomees: EAGLAND & Co., Ltd., 165, STRAND, London, W.C, 
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OBITUARY. 


Mr. E. Joun, manager of the Glouceste1 
Wagon Works, at 62 years of age. 

Mr. J. A. Symr, formerly one of the 
directors of the firm of Stewarts & 
Lloyds, Limited, Glasgow, at the age of 
55 years. 

Mr. G. Evans, of Llanelly, chairman 
of directors of Richard Nevill & Company, 
owning one of the oldest of local 
foundries. 

Mr. M. Dent, who formerly had charge 
of the forging department at Palmer's 
shipyard, and was also founder of Dent’s 
Forge Company. Later, he occupied the 
position of manager of Fowne’s Forge 
and Engineering Works, Cardiff. 


Mr. R. Mansex, late of the firm of 
Messrs. Aitken & Mansel, shipbuilders, 
Whiteinch, Glasgow, and one of the 


founders of the Institution of Shipbuilders 
in Scotland, now merged in the Institu- 
tion of Engineers and Shipbuilders. 
Mr. H. W. Cuvusp, grandsan of the 
late Charles Chubb, the inventor and 
patentee of the well-known Chubb lock. 
Mr. H. Chubb served a term of appren- 
ticeship to Simpsons’, the engineers, of 
Pimlico, and then became a managing 
director of Chubb and Son’s Lock and 
Safe Company, Limited, of which his 
brother, Sir George Chubb, is chairman. 


QUERIES. 


‘I am thinking of making crucibles 
suitable for melting Admiralty gun-metal, 
and would be much obliged if you could 
give me a suitable mixture, through the 
medium of your valued paper.—PiprEr.” 

Castine Bronze Rovunp an_ Iron 
Centre.‘ D. B.” writes :—“ We have 
tried casting a number of gun-metal and 
also 


phosphor bronze rings round a 
cast-iron centre, which we heat to a 
dark red before pouring around our 


bronze or gun-metal. These rings vary 
from 12 in. diameter to 5 ft. diameter, 
and from 1 in. to 3 in. in thickness, and 
2 in. to 6 in. in width. We have deep 
grooves to cut into these rings, but have 
been sorely troubled with their showing 


blow-holes when we machine down into 
them. Is there any way of overcoming 
this? ” 


— —o— — 


Wm. Bearpmore & Company, Limitep, 
are erecting a gun-tempering shop in 
their gun manufacturing department 
which they are adding to their works at 
Parkhead. It is stated that negotiatious 
are proceeding which will probably end 
in the absorption of the Carron Company 
by Messrs. Beardmore. 





EFFICIENCY ! 


THE 


“PERKINS” PATTERN MAKERS’ BENCH. 


Designed and Built by a Pattern Maker. 


ECONOMY ! 








GRIPQUICK VICE. 








ADVANTAGES 


Movable Tool Rack. Simplicity. All Attachments (interchange- 
able) adapting themselves to any shape of work. Low Price. 





























THE FOUNDRY TRADE JOURNAL. 41 





PREVENTION OF BLOWHOLES IN GAST IRON. 








A tin of our special compound 
fixed on a rod is held at bottom of 
ladle as shown; a strong re-action 
being thereby set up frees the iron 
from gases and impurities, which 
rise to the top. 


RESULT: A denser casting of 
finer grain with increased strength. 




















For Particulars apply to— 


| THERMIT LIMITED, 


27, MARTIN’S LANE, CANNON STREET, 




















ee Se benten. LONDON, E.@€, 
MACHINES. For all Purposes. WHEELS. 
Complete Emery 
with Emery “ 
Corundum 
Corundum —_ pean 
Wheelsfrom “4 en A 
£2. to 
upwards. 60 in.x12in. 
Special vee 
Machines — Enquiries 
Designed. Uti oS FF solicited. 


— 


MITCHELL’S EMERY WHEEL @o., 


Mill Street, Bradford, MANCHESTER. 


Also at LONDON, GLASGOW, and BELFAST. 





LISTS FREE, 
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PRICES OF METALS. 





The following table shows the approxi- 
mate latest prices and position of stocks of 
metals during the past two years :— 








METALS, 1905-6. 1904-5. 
Iron—Scotch pig 
warrant ene WED leons-cene=> eve ~ |.0c cocncecocece _ 
~Middlesbro’ war- 
rants ... oe CORB. [cco cov creccecee 54/1 19,6 
— W.C. M/nos Besse- 
mer - ee iretntinnicscas 53/6 
—Stock Scotch 
Dec, 30 “ 11,000 
Copper—Chili bars, 
GMB ... ~~ ETB 1BG)...022¢ coves £68 2/6 
—Stock, Europe & 
Res cag ANID: Lecienmcisitianes 12,983) 16,734 
Tin—English ingots 
ton |......... £167 0/0)..... ... £134 15/0 
—Straits ves tO eee, £163 O/0)......... £134 10/0 
~-Stock, Ldn. Hind 
and afit a 13,501... - « =—.14, 686 
Lead—English pig 
sealed £17 15,0)...... ..... £18 7/6 


ton 
Spelter—Ord. Sile- 
 “aegeiipag eter ~~“ £29 7/6\........ £25 2/6 


sian... .. ton 

Quicksilver-(75lb.) 
BOCES |....00000-0 27 6Q........ £7 160 

Antimony —Regu- 
lus gk WEED: Deacennnscias £62 0/0)...... . £40 


CASTINGS. 


In the Cleveland district the following 


are the nominal rates current for cast- 
ings :— 
£s. d. £58. d. 
Columns (plain) ... - 612 6 to 7 2 6 
Pipes, 14 to 2} in. - &§26to 550 
» 3 to 4 in... . 415 0 to 417 6 
“ 5 to 8in. . 412 6 to 415 0 
» 10 to 16 in.... . 412 6 to 415 0 
». 18 to 24 in.... . 412 6 to 41 0 
Chairs . aoe one . 315 0 to 317 6 
Floor plates (open 
cad | “ — - 326 to 3 5 0 





Scrap. 

The quotation for scrap subject to mar- 
ket fluctuations is as fcllows :—Engineers’ 
heavy scrap, 55s. to 60s.; ditto light 
scrap, 22s. 6d. to 25s.; clean scrap brass, 
46s.; clean scrap copper, 75s.; lead 
(usual draft), 15s. 9d.; tea lead, 14s. 3d.; 
zine, 22s. 9d.; hollow pewter, 105s. ; black 
pewter, 70s. per ewt. 








“SILICA FIRE BRICK Co., 
OUGHTIBRIDGE. 

















GROUND (GANISTER, 


Wet or Dry. 


Silco Cupola Bricks, 90°/. Silica. 


Better than Fire-clay Bricks for Cupolas. 
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Nr. Sheffield. 
Manufacturers of all 


FOUNDRY EQUIPMENTS 


Composition Black Lead, 
Plumbago, Core Gum, White Dust, and Coal Dust. 


Ladles, Cupolas, Fire Bricks, Gannister, Stone Flux, Loam and Sand Mills, Casting 
Cleaners, Studs, Chaplets, Pipe Nails, Sprigs, Brushes, Wire Brushes, Core Ropes, 
Bellows, Buckets, Spades, Forks, Riddles, Sieves, Barrows, Xe. 


IMPROVED FOUNDRY RATTLER or FETTLING DRUM. 
: a 





















; These Machines are invaluable for a Foundry, doing a larger amount of work of a superior quality, 
ina much shorter time than can be done by hand, without skilled labour, 
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TURN- OVER HAND MOULDING MACHINE, 


PATTERN “G. 


Arranged with Worm Cear for turning 
plate for large boxes. 


Drying Stoves. 
AN [} Grinding Mill with Sifter. 
Mixers and Sifters. 


Core Making Machines and Core Ovens. 


MOULDING MACHINES 


For Hand; Hydraulic, Steam or Air. 





“ LONDON EMERY WORKS CO., 
tccnms:'tiae ines, Park, Tottenham, LONDON, N. 
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The NEW 


Portable Mould Drier 


The Latest Foundry Time Saver. 








-— s 


_ 








J. W. & C. J. PHILLIPS, 


Engineers 


23, COLLEGE HILL, LONDON, Eng, 


Telegrams: ‘‘COLLOQUIAL, LONDON.” Telephone: 10122ICENTRAL, 
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THESE MACHINES. MAY BE RENTED. __<—-« 
The McClelland Patent 


SAND MOULDING MACHINE 













WILL SAVE 


Revolutionises 
Foundry Work by FROM 
Simple and Direct . 
/ oO 
Methods Satisfac- 70°), to 90°), 
tory to both Em. IN COST 
ployers and OF 


Moulders. 
MOULDING. 





5 
I a a 


Type A,— Power Operated Carnage run under Rammer, ‘Mould Rammed, Carriage Returned 
and Box Lifted, all Automatically. Arrarged for one or two men to work continuously. 


NO OTHER SAND MOULDING MACHINE HAS THE SPEED, 
SIMPLICITY AND STRENCTH OF THIS. 


TURNS OUT BETTER MOULDS AND CASTINGS THAN BY HAND. 


THE SAFETY TREAD SYNDICATE, 


15, BARBICAN, LONDON, E.C. 


Telephone, 5646 Bank. Telegraph, “ Unslipping,” London. 
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NOTICE. 


ARNEGIE RESEARCH SCHOLAR- 
SHIPS.—The Council of the Iron and 
Steel Institute will shortly proceed to award 
Research Scholarships founded by Mr. Andrew 
Carnegie. Candidates, who must be under 
35 years of age, must apply before 28th 
February on special forms to be obtained 
from BENNETT H. BRrouGH, Secretary, Iron 
and ig! Institute, 28, Victoria Street, 
London, S.W. 


FOR SALE | AND WANTED. 








For SALE, ‘ Root’s” Patent and other 
Foundr Blowers. 
No. 2A size by ‘‘ Daglis a,” Glasgow, 4} in. outlet 


No.1 ,, ,, “ Allday,’ ’ Birmingham, Gin. ,, 
* a “« Wilkinson's ” Patent, Gin. > 
No.5 ,,_ ;, **Thwaites” pr 142 in. ,, 


se tine d’s” Patent Fan as new, 8 in. 
—For full details address J. Licur, WwW olver- 
hampton. 


FOR SALE AND WANTED.— 


continue ab, 


+ ASTINGS.— For Gcodl, Sound 

Machinery Castiny rs, in Green or Dry 
Sand or Loam, up to 15 tons in weigh*, and 
Machined if required, ¢ upply to Rose, ‘Downs, 
AND ‘THOMPSON, LTp.. Old Foundry, Hull. 
Special Quotations for Quantities. 


RUCIBLE STEEL 
Collieries, Works, and Engineers, from 
customers’ patterns ; machined if desired.— 
T, WooDRUFF AND Co., Machen, Newport, 
Mon. 


CASTINGS for 


mo OR SALE, as a going concern, a Small 
[ron Foundry in London making a 
speciality. About £1,500 required for Plant, 
Goodwill, ete.—Every information given to a 
genuine ‘intending buyer on application to 
Box 525, Offices of THE FounpRY TRADE 
JOURNAL, 165, Strand, London, W.C. 





IME.—HYDRAULIC LIME suitable for 

concrete, also for building purposes, 

foundries and gas works.—THO:. MOAKEs, 
Stanton Hills, Mansfield. 








JAMES DOUCALL & SONS, LTD. 


BONNYBRIDGE, N.B, 


Foundry Specialists. 


GANISTER, FIREBRICKS, 


GANISTER BRICKS, FIRECLAY, 
Of the Highest Qualities. 





If you are troubled with Defective 
Fire-Resisting Materials write for Prices. 


SHIPPING PORTS: 
Glasgow, Bo'ness, Grangemouth and Leith. 








MOULDING SAND 


FOR 


ALL METALS. 


The noted Birmingham quality is sent 
all the World over. 





For Prices— 
J. WILLIAMS, 
ICKNIELD SAND MINES, 
BIRMINGHAM. 


Also Manufacturer of Fine Grade Coal 
Dust and Foundry Blackings. 








| ee — Small Agricultural Engineering 

Works, comprising Bl acksmith’s Shop, 
Machine Shop, Foundry, ete. Valuation if 
preferred. Price £500—£600.—Apply Lron- 
WORKS, St. Keyne, Cornwall. 








STIGNIC PAINT. 


NEWEST AND BEST WASH. FOR 
STEEL FOUN ; 


PLASTIC CUPOLA GANISTER. 


Finest MATERIAL FOR LINING CuPOoLas 
AND FURNACES AND SETTING FIRE-CLAY 
BRICKs. 


$= STEEL MOULDERS COMPO. 
STEPHENS & CO., Kidwelly. 








COLD BLAST Pic-IRON. 





BRAND 


Ke0.¥4a:) tele) ¢ 





M. & W. GRAZEBROOK, 
DUDLEY. 














48 





THE FOUNDRY TRADE JOURNAL. 








~ 


ROOTS BLOWERS. 








-_ - 





ALLDAYS & ONIONS PNEUMATIC ENCINEERING CO.,LTD., BIRMINC 





Ph alas . ’ a ig ¥ 
eae g sf : 
TNs . if : = a 4 

MN Sree oe ak, . ied yf 
. at. - . ae ; ~ LF 


HAM. 


AND AT 20 BUCKLERSBURY, LONDON, E.C. Telegrams: ‘‘ ALLDAyYs, | IRMINGHAM,” 











HORIZONTAL & VERTICAL. 
Single Stege & Compound Types 


AiR GOMPRESSORS 


DRIVEN BY STEAM, BELT, OR ELECTRICITY. 





*‘2a}URJens Sy}UOW ZI pue 
BuLYIOM JUIT!S ‘ADUIIH2 YStpy 








SAND BLAST APPARATUS for cleaning large & small Castings, either steel, iron or gun metal. 


Tilghman’s Patent Sand Blast Company, Ltd., 


BROADHEATH, near MANCHESTER; 
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Capacity. 


_ 


| Send for 
our New 
| Catalogue. 


- 
THOMAS BROADBENT & SONS, 
Ltd., 

HUDDERSFIELD. 




















W. Jones 


Patent 


Core 


Foi ming 





Machine. : hc oute CORES 18 ft. long, 2 in. to 20 In. 


diameter. 


A REVOLUTION in Pipe Foundry Practice. 
No PIPE FOUNDER can afford to be without one. 








a 
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, pee 
e JOSEPH & 






= © JOS. BERRY, LT. 
RELIABILITY, 


pe SWINTON, 
LOW COST, 
EFFICIENCY. MANCHESTER. 








STIGNIC PAINT. | | GOLD BLAST PIC-IRON. 


NEWESC AND BEST WASH FOR 
STE*L FOUNDERS 


PLASTIC CUPOLA GANISTER. 























FINEST MATERIAL FOR —- ape BRAND 
AND FURNACES p chem ring Fire-Ciay GRAZEBROOK 
Sr’ STEEL MOULDERS COMPO. 
STEPHENS & CO., Kidwelly. M. & W. ee 


WILL BUY 
A COMPLETE 


COMPRESSED AIR 


INSTALLATION, 


INCLUDING 
“ Boreas” Air Compressor, Receiv-r, Chipping Hammers, 
Ho sts, Sand Blast fa pcos or other Appliances. 
ALL OF THE BEST KIND, 


Every works should possess one, as it will pay for 
itself in a very short time, 




















FURTHER PARTICULARS FROM 


LACY-HULBERT Co, 


PNEUMATIC ENGINEERS, 
91, Victoria St., London, S.W. 


——— AND BOREAS WORKS, BEDDINGTON. ——— 
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WHAT IS 


Ss MS? 


SWIFT METALLIC STOPPING 


THE NEW FOUNDRY CEMENT. 
IT is used for filling up blow holes and sand holes in Cast Ircn or Stecl Castings. 

tT is supplied in powder form and mixed for use with a little water to a stiff paste. 

IT dries ona cast’ng in 1 hour, and can be filed up bright in from 6 to 12 hours. 

IT is specially usefui to all Engineers, Machinists, Foundrymen, & 

IT is of British Manufacture. 


A Small Sample sent Post Free on receipt of your address, or a trial 1 Ib. Tin Post Fre: on 
receipt of P.O, or Stamps for ts. 6d. 


THE SILENT MACHINE AND ENGINEERING CO., ALBION WORKS, SHEFFIELD. 








Owing to GREATLY INCREASED DEMAND for our 


BLACKINGS 


CARLTON we have recently erected New Machinery to more than 


SPECIAL 
SLACKING double our output. BLACKINGS 
FOR SEND FOR PRICES AND SAMPLES. riggs 


STOVE WORK 


HEAVY 
BATHS, etc. 


THOMAS WILKINSON & CO., LTD., [games 


25, STOCKTON STREET, 
MIDDLESBROUGH. 














- - THE - - 


PHOSPHOR BRONZE C0, MSNEIL’s 


87, SUMMER STREET, ‘“"?” pA aren! UNBREA 
SOUTHWARK, LONDON, S.E. | TEEL LADLES 


Cog Wheel Brand 


Phosphor Bronze Alloys. iid “a 
Phosphor Tin (5°). : aN 3 
Phesphor Copper (10% & 15°). Thee. Kaden one meni. 


nal hem nitewin’’ onocene 
each from a single steel plate 
without weld or rivet. They are 
extremely light, being at the 

same time the stronge< 

D E LPH most durable in the ,. 

f Leulles te contain 56 Ib of me 
fF only weigh about 7 Ib. euch. 
FIREBRICKS Bsa fal scot 
mon 


from 30 Ib. to 60 ewt., with or 








ithout lip+; also mounted or 

For High Temreratures. unmounted. rhey are ey anit 

atie for chemiciul and met wine- 

Also Special Grades for H gi ml processes. List of se -tions 
CUPOLA LININGS, STEEL FURNACES, ; and prices on application t 


: CHAS. MCNEIL. 
BRASS FURNACES. 


CRUCIBLE CLAYS. 


E.J.&J. PEARSON,| | <-> 


STOURBRIDGE. LTD. Can also ke made in Aluminium. 
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EVANS’S 
ROTARY... 


SANDSIFTERS. 








As SUPPLIED TO H.M. GOVERNMENT 
ALL THE LEADING FOUNDERS. 





Everything *: Founders. 
JAMES EVANS & CO., 


Britannia Works, 


serars{ saan owe MANCHESTER. 








